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Preface 


The Office of Air and Radiation of the Environmental Pro¬ 
tection Agency and the Office on Smoking and Health of the 
Department of Health and Human Services asked the National 
Research Council to evaluate methods for assessing exposure to 
environmental tobacco smoke and to review the literature on the 
health consequences from such exposures. The National Research 
Council responded to this request by appointing 11 scientists to 
serve on the Committee on Passive Smoking, in the Board on Envi¬ 
ronmental Studies and Toxicology, under the Commission on Life 
Sciences. The committee membership represented the disciplines 
of toxicology, biochemistry, atmospheric science, epidemiology, 
biostatistics, and pulmonary physiology. 

The committee’s charge was to review the existing scientific 
literature and to identify the current state of knowledge with 
respect to known facts and areas of uncertainty. Many .more 
of the latter were found than the former. .To the extent that 
they could be justified scientifically, conclusions have been stated 
and recommendations proposed. Many of the recommendations 
are for future research, rather than for public policy. The latter 
were for the most part~ avoided on two grounds: the data were 
frequently not sufficiently secure and the charge to the committee 
was primarily for scientific review. 

The committee conducted a public hearing on scientific stud¬ 
ies relevant to its charge on January 29, 1986. Furthermore, it 
reviewed the published scientific literature and received testimony 
from professional societies; medical, industry, consumer, and pub¬ 
lic interest groups; academic scientists; and others involved in the 
generation and interpretation of scientific evidence on the health 


v 







UUlloCL|UCJ.i^C3 L/i. uw v<igai.cuu(/ oinwAiiig. a u.i.ou.a>iis--w c<x vm 

activities was followed by the preparation of individual chapters 
committee members and consultants. Thereafter, chapters wi 
discussed, revised, and integrated with each other for the f 
report. 

In producing this report, the committee confronted a comp] 
charge under severe time constraints. That it completed its ts 
well and on time is a credit both to its members and the scienti 
staff of the National Research Council. I would like to express i 
personal appreciation to every one of the committee members, 
of whom donated their time, intellect, and knowledge to the si 
stance of this report. Dr. Diane Wagener of the National Reseai 
Council assumed the difficult task of coordinating, translatii 
and negotiating ideas and insights among committee membe 
consultants, and reviewers. Drs. Devra Davis and Marvin Schn 
derman worked with Dr. Wagener in ensuring the thoughtful a 
timely completion of this report. 

While the committee restricted itself to analysis of the s 
entific data, it was not unmindful of the fact of modern life tl 
smokers and nonsmokers have taken strong positions regarding t 
right to smoke on the one hand and a rejection of being expos 
to other people’s smoke on the other. Persons on each side 
the issue may wish to infer information from this report that t 
committee did not intend. Our strategy has been to synthesize 
formation, present judgments and conclusions wherever possit 
and to recognize inadequacies in existing data in order to provi 
a focus for future research. We have not taken the stance o 
public policy board that necessarily has to make decisions on le 
than-adequate information. Rather, we have chosen to prepj 
a scientifically responsible report that will be intelligible to a 
audience and useful to a scientific one. 

BARBARAS. HULKA, Chaim 
Committee on Passive Smok: 


Acknowledgments 


The preparation of this report by the Committee on Passive 
Smoking would not have been possible without assistance from a 
large number of people. 

The committee consulted with a number of experts about var¬ 
ious topics. We would like to thank the Office on Smoking and 
Health, particularly Clarisse Brown, who provided us with the 
many statistics and data that were requested by various mem¬ 
bers of the committee. We would also like to thank William Cain 
and Edward LaVoie for their contributions. Other individuals 
who gave special assistance in the preparation of the report in¬ 
clude Leslie Waters Barger, Kiran Nanchahal, Simon Thompson, 
Christopher Frost, and Don Blevins. 

The committee thanks all the peer reviewers of the report. 
Their constructive remarks contributed to the improvement of 
presentations of technical information and its readability. 

We would like to express our thanks to the NRC staff for 
their work in supporting the committee. We would especially 
like to thank Edna W. Paulson and the staff of the Toxicology 
Information Center, who were of great assistance. 




Contents 


EXECUTIVE SUMMARY.1 

Introduction, 1 

Environmental Tobacco Smoke, 2 
Measures of Exposure, 3 
In Vivo and In Vitro Studies, 7 
Health Effects, 7 

1 INTRODUCTION.13 

Definitions, 14 

Trends in Cigarette Usage, 15 
Organization, 20 
References, 21 


Part I 

PHYSICOCHEMICAL AND 
TOXICOLOGICAL STUDIES OF 
ENVIRONMENTAL TOBACCO SMOKE 

2 THE PHYSICOCHEMICAL NATURE OF 

SIDESTREAM SMOKE AND ENVIRONMENTAL 

TOBACCO SMOKE.25 

Introduction, 25 
Sidestream Smoke, 28 

Principal Chemical Constituents of Environmental 
Tobacco Smoke, 36 

Radioactivity of Environmental Tobacco Smoke, 37 
Toxic and Carcinogenic Agents in Tobacco Smoke, 44 
Summary and Recommendations, 45 
References, 48 







In Vivo Assays on Environmental Tobacco Smoke 55 
References, 61 


4 „ Part II 

ENv™rl™ S S NG EXr °SDRES TO 
ENVIRONMENTAL TOBACCO SMOKE 


INTRODUCTION. 


. 

°“i“~ Tobacc ° smoke fa 

Modeling, 81 

Summary and Recommendations, 94 
References, 97 

En lT” en '“^^ 

Data “ d WT 

Other Variables, 115 

Summary and Recommendations, 116 
References, 118 


X 






7 EXPOSURE-DOSE RELATIONSHIPS FOR 

ENVIRONMENTAL TOBACCO SMOKE.120 

Estimating Dose, 120 

Particle Size, 121 

Breathing Pattern, 122 

Deposition of Cigarette Smoke Particles, 123 

Particle Retention in the Lungs, 126 

Gases in Environmental Tobacco Smoke, 127 

Summary and Recommendations, 129 

References, 131 

8 ASSESSING EXPOSURES TO 
ENVIRONMENTAL TOBACCO SMOKE USING 

BIOLOGICAL MARKERS.133 

Biological Markers in Physiological Fluids, 134 
Genotoxicity of the Urine, 148 

Future Needs, 152 

Summary and Recommendations, 152 
References, 154 


Part III 

HEALTH EFFECTS POSSIBLY ASSOCIATED WITH 
EXPOSURE TO ENVIRONMENTAL TOBACCO 
SMOKE BY NONSMOKERS 

9 INTRODUCTION.163 

10 SENSORY REACTIONS TO AND 
IRRITATION EFFECTS OF ENVIRONMENTAL 

TOBACCO SMOKE.166 

Odor, 166 

Irritation, 172 

Hypersensitive Individuals, 176 
Summary and Recommendations, 177 
References, 179 








Lung Function and Symptoms in Active Smokers, 182 
Plausibility for an Effect Due to Passive Smoking, 184 
Methodologic Considerations for Epidemiologic 
Studies, 185 

Cross-sectional Studies, 188 

Longitudinal Studies of Lung Function in Children and 
Adults, 200 

The Effect of Passive Smoking on Respiratory 
Infections, 202 

When Do Pulmonary Effects of Passive Smoking Occur?, 209 
Studies of Acute Pulmonary Effects, 212 
Summary and Recommendations, 216 
References, 218 

12 EXPOSURE TO ENVIRONMENTAL TOBACCO 

SMOKE AND LUNG CANCER.223 

Using Biological Markers to Estimate Risk, 224 
Assessing the Risk From Epidemiologic Studies of Lung 

Cancer and Exposure to ETS, 227 
Corrections to Estimates for Systematic Errors, 231 
Other Considerations, 242 
Summary and Recommendations, 245 
References, 246 

13 CANCERS OTHER THAN LUNG CANCER.250 

Smoking-Related Cancers, 250 

Cancers Not Related to Smoking, 252 
Interpretation, 254 

Summary and Recommendations, 255 
References, 255 

14 CARDIOVASCULAR SYSTEM.257 

Acute Cardiovascular Effects of Environmental 

Tobacco Smoke Exposure, 257 
Cardiovascular Disease Morbidity and Mortality, 262 
Summary and Recommendations, 265 
References, 266 






i OTHER HEALTH CONSIDERATIONS IN 

CHILDREN.269 

Environmental Tobacco Smoke Exposure by Nonsmoking 
Pregnant Women, 269 
Growth in Children, 271 
Chronic Ear Infections, 272 
Summary and Recommendations, 273 
References, 274 

PPENDIXES 

. Guidelines for Public and Occupational Chemical 
Exposures to Materials That Are Also Found in 


Environmental Tobacco Smoke.279 

. Method of Combining Data From Studies of 
Environmental Tobacco Smoke Exposure and 
Lung Cancer.284 


Case-Control Studies, 284 
Prospective (or Cohort) Studies, 286 
Summing Over Studies, 287 
References, 288 

Adjustments to Epidemiologic Estimates of 
Excess Lung Cancer in Persons Exposed to 

Environmental Tobacco Smoke.289 

Using Cotinine Measurements to Correct Misreporting, 290 
References, 293 

). Risk Assessment—Exposure to Environmental 

Tobacco Smoke and Lung Cancer.294 

James Robins 
Introduction, 294 

D-l Estimation of the True Relative Risk, 297 
D-2 The Carcinogen-Equivalent Number of Actively Smoked 
Cigarettes Inhaled Daily by Passive Smokers: 

Comparisons of Epidemiologic with 
Dosimetric Estimates, 301 

D-3 Estimating the Number of Lung Cancer Deaths in 
Nonsmokers in 1985 Attributable to ETS, 304 
D-4 Lifetime Risk of Death From Lung Cancer 
Attributable to ETS, 306 
Discussion, 311 
Technical Discussions, 313 












Executive Summary 


INTRODUCTION 

A Committee of the National Research Council’s (NRC’s) 
Board on Environmental Studies and Toxicology prepared this re¬ 
port in response to requests from two federal government agencies, 
the Office of Air and Radiation of the Environmental Protection 
Agency (EPA) and the Office of Smoking and Health of the De¬ 
partment of Health and Human Services. The report evaluates 
methodologies in epidemiologic and related studies for obtaining 
measurements of exposure to environmental tobacco smoke (ETS) 
by nonsmokers and also outlines the possible health effects of such 
exposures as reported in the published literature. This committee 
was asked to review original research data and identify research 
needs but was not charged with preparing policy statements or rec¬ 
ommendations for public health actions. In particular, the NRC 
was asked to: 

• review the chemical and physical characterizations of the 
constituents of ETS; 

• include a toxicological profile of sidestream and environ¬ 
mental tobacco smoke; 

• review the epidemiologic and related literature on the 
health effects of exposure to ETS; and 

• recommend future exposure monitoring, modeling, and 
epidemiologic research. 

To address these and related issues, the NRC formed the 
Committee on Passive Smoking in the Board on Environmental 
Studies and Toxicology of the Commission on Life Sciences. The 
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committee consists 01 proiessionais m a variety oi neias, mclu 
ing epidemiology, toxicology, biochemistry, atmospheric scienc 
biostatistics, and pulmonary physiology. 

The subject of the committee’s report is the use of epidemic 
ogy and related disciplines for the study of possible health effec 
of exposure to ETS by nonsmokers. Smokers are also exposed 
ETS, but the health effects of this exposure, which are likely to 1 
less intense than those of active smoking, are not the subject 
this report. The primary goal of the studies reviewed in this repc 
is to determine whether there is a relationship between health or 
comes in human populations and ETS-exposure of nonsmokers, 
is a formidable task to assess exposure to the complex mixtu 
of ETS with enough precision to permit use in analytic studic 
including quantitative risk estimation. For some health outcom 
the relevant duration of exposure may be minutes, for others 
may be decades. Numerous factors, in addition to exposure 
smoke, can influence the risk of illness. These other factors mu 
be taken into account if the magnitude of the effects of exposu 
to ETS is to be evaluated. 


ENVIRONMENTAL TOBACCO SMOKE 

Mor e t han 3,800 compounds have been identified in cigaref 
smoke. The major source, by far, for ETS is sidestream smo 
(SS) which is emitted from the burning end of a cigarette i n 1 
tween puffsi The rem'afnder of ETS consists of exhaled mainstre? 
smoke (MS), smoke which escapes from the burning end duri 
puff-drawing, and gases which diffuse during smoking through t 
cigarette paper. Each of the mixtures, MS, SS, and ETS, is 
aerosol consisting of a particulate phase and a vapor phase. Ho 
ever, the smokes of MS, SS, and ETS differ, as the result of chanf 
in the concentrations of individual constituents, the phase (part 
ulate or vapor) in which the constituents are present, and varic 
secondary reactions that chemically and physically alter (“ag< 
the composition of the smoke. Undiluted SS contains higher ct 
centrat.ions of some toxic compounds than undiluted MS, includi 
ammonia, volatile amines, volatile nitrosamines, nicotine deco 
position products, and aromatic amines. However, concentratic 
of these SS emissions axe considerably diluted in the indoor sp< 
where ETS exposures take place. The hydrophobic vapor phi 


constituents of ETS are likely to enter the lung of the exposed indi¬ 
vidual, while the hydrophilic vapor phase constituents are likely to 
be absorbed in the upper respiratory tract. Particles <2.5 (in 
this report referred to as respirable suspended particulates [RSP]) 
dominate the particulate phase of ETS and can be inhaled deeply 
into the lung. 

Standard laboratory procedures have been established to as¬ 
sess the physicochemical properties of SS and MS. Research is 
needed to standardize both the collection and evaluation of ETS so 
that the effects of ETS can be studied in laboratories and in human 
populations. 

The changes in distribution of particular constituents of ETS 
as the smoke ages in the indoor environment are largely unknown. 
For example, it is known that almost all of the nicotine shifts 
from the particulate phase in MS and fresh SS to the vapor phase 
in ETS. Consequently, indoor air-cleaning systems designed to 
remove particles will not greatly alter the nicotine exposure, but 
may alter the concentrations of other noxious or toxic components. 
Research is needed to determine the distribution of constituents in 
the particulate and vapor phases of aged ETS. Also, the efficiency 
of air-cleaning systems in removing the constituents needs to be 
studied. 

Indoor radon comes from sources in the environment and 
decays to short-lived radon daughters, which may become bound 
to the RSP in ETS. However, some long-lived radon daughters 
come from tobacco itself. Research should be conducted on possible 
interactions between ETS and radon daughters, especially as radon 
daughters can adhere to RSP and increase the potential hazard of 
ETS. 


MEASURES OF EXPOSURE 

There are currently no direct measures of the dose absorbed of 
ETS in a population under study. Exposures to ETS, however, can 
be assessed by questionnaires, air monitoring, modeling of concen¬ 
trations, or biological markers. Future epidemiologic studies should 
incorporate into their design several of these exposure assessment 
methods in order to assess exposures to ETS more accurately and 
to estimate dose. 



exposure through errors in reporting of current smoking habits, 
neglecting exposure to ETS in other environments like workplaces 
or public places, and reporting an exsmoker as a nonsmoker. Re¬ 
ports of whether or not the subject has smoked can be obtained 
with reasonable reliability from surrogate respondents. However, 
quantification of integrated exposure over many years is not likely 
to be fully reliable or precise. At best, such quantification pro¬ 
vides an approximation of exposure, whether the information is 
obtained from the individual himself or from a surrogate. To esti¬ 
mate integrated exposure to ETS, future studies need to estimate a 
long-term ETS exposure history, including what fraction of the day 
is spent in the presence of ETS and at what ages these exposures 
occurred. The data from such a history should be entered into a 
specific time-place model, from which cumulative exposure can be 
estimated. 


Monitoring 

The use of air monitoring (personal or indoor space) is hand¬ 
icapped by the lack of a clear definition of the physicochemical 
nature of ETS and the identification of the individual, or target, 
constituents of ETS associated with the health or comfort effects 
under study. Proxy, or surrogate, constituents have been mea¬ 
sured in a number of studies as indicators of ETS exposure in 
both personal and indoor space monitoring. RSP, carbon monox¬ 
ide, nicotine, nitrogen oxides, acrolein, nitroso-compounds, and 
benzo[a]pyrene are some of the compounds or classes of air con¬ 
taminants that have been measured under field conditions as in¬ 
dicators of ETS exposure. While some of the ETS constituents, 
particularly nicotine and RSP, have proved to be useful surrogates 


for ETS, no single measure has completely met all the criteria for 
an ideal ETS surrogate. To facilitate the study of the health effects 
of ETS exposure, an ideal marker or tracer of exposure to ETS 
should be unique (or nearly unique) to tobacco smoke, should be a 
constituent of tobacco smoke that is present in sufficient quantity 
so it can be measured even at low ETS levels, and should stand in 
a fairly constant ratio across brands of cigarettes to other tobacco 
smoke constituents (or contaminants) of interest. Reliable infor¬ 
mation needs to be obtained on the quantity, transport, and fate of 
such chemicals in ordinary indoor environments. 

A majority of field studies have used RSP as an indicator 
of exposure to ETS because of the substantial emission of RSP in 
indoor spaces from tobacco combustion. ETS is the dominant con¬ 
tributor to the indoor levels of RSP. The total RSP, as measured by 
personal monitors, has been found to be substantially elevated for 
individuals who reported being exposed to ETS as compared with 
those who reported no such exposure. Both air monitoring and 
modeling clearly indicate that RSP concentrations will be elevated 
over background levels in indoor spaces when even low smoking 
rates occur. The importance of variation in the input parameters- 
such as room size, temperature, humidity, air exchange rate, and 
numbers of cigarettes smoked—should be noted when interpreting 
the data on the constituents of ETS obtained from personal moni¬ 
tors and indoor space monitors. 

Biological Markers 

In theory, dose of ETS to the tissues or organs could be mea¬ 
sured directly through the use of biological markers that accurately 
indicate uptake in the tissues or organs. Optimal assessment of ex¬ 
posure to ETS should derive from measures made on physiological 
fluids of exposed persons. Several chemicals found in such fluids 
may be able to serve as biological markers of recent exposures. 
The criteria for acceptable biological markers are similar to those 
for measuring ETS in the external environment. 

The biological markers that have been most useful for as¬ 
sessing recent exposures to ETS are nicotine and its metabolite, 
cotinine. Nicotine and cotinine derive virtually exclusively from 
tobacco products, of which tobacco smoke is the most important 
direct source. They can be identified and quantified in saliva, 
blood, or urine. Generally, the mean concentrations of nicotine 





and cotinine in the plasma or urine of nonsmokers exposed to E 
are about 1 percent of the mean values observed in active smok 
Several studies have indicated that urinary cotinine concentrati 
in infants and children increase as the numbers of reported srr 
ers increase in the home. At present, there may be difficult} 
interpreting the relative cotinine levels in nonsmokers compa 
with smokers because of the reported slower clearance of cotir 
in nonsmokers. Absorption, metabolism, and excretion of 1 
constituents, including nicotine, need to be carefully studied in 
der to evaluate whether there are differences between smokers 
nonsmokers in these factors. Further epidemiologic studies u< 
biological markers are needed to quantify exposure-dose relab, 
ships in nonsmokers. 

Thiocyanate, as measured in saliva, serum, or urine, does 
appear to be sufficiently sensitive as an indicator of ETS expos 
Similarly, exhaled carbon monoxide and carboxyhemoglobin 
not sufficiently sensitive to moderate or low levels of ETS expos 
and thus are not particularly useful biological markers for e> 
sure to ETS, except in experimental, acute exposure situati 
There are several other sources of carbon monoxide in the envb 
ment that equal or exceed the concentrations of carbon mono: 
attributable to ETS. 

Other suggested biological markers of exposure are lV-nitr 
proline, nitrosothioproline, and some of the aromatic amines 1 
are present in high concentrations in SS. However, data on se 
tivity and reliability of laboratory procedures for these markers 
not sufficient to recommend their use at this time in epidemiol 
studies of ETS. 

Laboratory assays have shown mutagenic activity in the u 
of smokers and ETS-exposed nonsmokers. The mutagenicit 
urine is a function of many factors—such as dietary constitus 
occupational exposures, and other environmental factors—w 
render any findings of mutagenicity nonspecific. Research is ne 
to clarify the appropriate methods for estimating mutagenicity 
to isolate and identify the active agents in body fluids of £ 
exposed nonsmokers. 

DNA adducts derived from tobacco-related chemicals 
be measured in the blood. However, these chemicals, sud 
benzo[a]pyrene, are not unique to ETS. Studies are needed 
can measure adducts of tobacco-specific chemicals. 


IN VIVO AND IN VITRO STUDIES 


Laboratory studies can contribute to a better understanding 
of the factors and mechanisms involved in the induction of disease 
by environmental agents. There have been numerous bioassays 
conducted on MS. In examining the effects of MS, many research 
workers have used condensates of the smoke painted on the shaved 
skin of mice. This contrasts with the human exposure that is 
mainly in the respiratory tract. Nonetheless, these skin-painting 
studies have been useful in examining the carcinogenicity of dif¬ 
ferent tobacco constituents and thus advancing knowledge of the 
actions of MS on a gross exposure level. Similar work with skin 
painting has not been done with ETS and would be of value for 
assessing the differential toxicity of ETS and MS. 

In constrast to MS exposure, ETS exposure involves propor¬ 
tionately more exposure to gas phase than to particulate phase 
constituents. There have not, however, been studies of the effects 
of exposure to aged ETS. The relative in vivo toxicity of MS, SS, 
and ETS needs to be assessed. 

Some studies have attempted to evaluate the gas phase of MS, 
SS, and ETS in short-term, in vitro assays. A solution of the gas 
phase of MS has been shown to induce dose-dependent increases 
in sister-chromatid exchanges in cultured human lymphocytes. 
Mutagenic activity has been found in the particulate matter of SS 
and in condensates of ETS. However, the work done to date is too 
sparse to permit any estimates of the mutagenicity of ETS per se, 
even though most of ETS consists of SS. Further in vitro assays of 
ETS are needed. 


HEALTH EFFECTS 

This report reviews both chronic and acute health effects as¬ 
sociated with ETS exposure in nonsmokers. Most epidemiologic 
studies of chronic health effects have been conducted on persons 
who have had long-term exposures to ETS from household mem¬ 
bers. The studies do not directly address chronic health effects in 
individuals who are exposed at work or have occasional exposures 
in the home or elsewhere. 

Because the physicochemical nature of ETS, MS, and SS dif¬ 
fer, the extrapolation of health effects from studies of MS or of 





active smokers to nonsmokers exposed to ETS may not be appro¬ 
priate. However, chemicals known to be toxic and carcinogenic 
in MS are also present in ETS. Laboratory studies in conjunction 
with epidemiologic investigations are needed to help clarify possible 
health effects of exposure to ETS in nonsmokers. 

Acute, Noxious Effects 

The most common acute effects associated with exposure to 
ETS are eye,.nose, and throat irritation, and objectionable smell 
of tobacco smoke. Tobacco smoke has a distinct and persistent 
odor, making control through ventilation particularly difficult. 
In closed rooms where smoking is allowed, a ventilation rate of 
greater than 50 cubic feet per minute per occupant is necessary to 
achieve air quality that is acceptable to more than 80% of adults 
entering the room as contrasted with rates of less than 10 cubic 
feet per minute per occupant when there is no smoking or other 
pollution. Annoyance with noxious tobacco odor largely governs 
the reactions of visitors, while occupants of smoky rooms are more 
likely to complain about irritating effects to the eye, nose, or 
throat. Particle filtration appears to lead to little or no decline 
in odor and irritation, suggesting that the effects are produced by 
gas-phase constituents. During exposure to ETS, eye blink rate is 
correlated with sensory irritation, such as burning eyes and nasal 
irritation. For some persons, eye tearing can be so intense as to 
be incapacitating. There is some evidence that nonsmokers are 
more sensitive to the noxious qualities of cigarette smoke than are 
smokers. Objective physiological or biochemical indices should be 
sought to validate reports of noxious reactions and chronic irritation 
associated with ETS. 

Smoke contains immunogens, that is, substances that can ac¬ 
tivate the immune system. Approximately half of atopic (allergy 
prone) individuals react to various extracts of tobacco leaf or 
smoke presented in skin tests. However, the components of the 
extract that are responsible for this reaction have not been iso¬ 
lated. There is little correlation between positive reactions to skin 
tests and self-reported complaints of tobacco smoke sensitivity. 
Research is needed to evaluate the medical importance in atopic 
persons of these positive reactions to skin tests using ETS extracts 
and to relate immune response on skin tests to subjective complaints 
about the noxious, irritating properties of tobacco smoke. 



Respiratory Symptoms 
and Lung Function 

Respiratory symptoms, such as wheezing, coughing, and spu¬ 
tum production, are increased in children of smoking parents. 
These symptoms are more common in children of smokers than 
children of nonsmokers. The largest studies place the increased 
risk of 20 to 80%, depending on the symptom being assessed and 
number of smokers in the household. Also, respiratory infections 
manifested as pneumonia and bronchitis are significantly increased 
in infants of smoking parents. Some studies have reported that in¬ 
fants of smoking parents are hospitalized for respiratory infections 
more frequently than children of nonsmokers. Among children 
aged under 1 year, studies are remarkably consistent in showing 
an increased risk of respiratory infections among children living in 
homes where parents smoke. There is a dose-response relationship 
that relates more to maternal smoking than paternal smoking. The 
association persists after allowing for possible confounding factors 
such as occupational data, respiratory illness in the parents, and 
birthweight. The mechanisms of the increased risk may either be 
a direct effect of ETS or due to a higher risk of cross-infection in 
such homes. Regardless of the mechanism, the exposure of small 
children to smoking in the home appears to put them at risk of 
respiratory illness. 

Since children exposed to ETS from parental smoking have 
an increased frequency of pulmonary symptoms and respiratory 
infections, it is prudent to eliminate ETS exposure from the envi¬ 
ronments of small children. 

There is some evidence that parental smoking may affect the 
rate of lung growth in children. In children with one or more par¬ 
ents who smoke, lung function increase, which is a normal growth 
phenomenon, shows a small decrease in the rate of growth. An 
important issue currently unresolved is whether a child who is 
affected by exposure to ETS from parental smoking may be at an 
increased risk for the development of chronic airflow obstruction 
in adult life. In all studies of children, it is difficult to distin¬ 
guish between the role of ETS exposure in utero and postnatally. 
Research i$ needed to address the issues of ETS exposure during 
childhood and fetal life and its possible relationship with airway 
hyperresponsiveness and pulmonary diseases in adult life. 




Three studies have shown a small reduction in pulmon 
function in normal adults exposed to ETS. Interpretation of th 
findings is difficult because pulmonary effects in normal adults 
likely to reflect the cumulative burden of many environmental < 
occupational exposures and other insults to the lung. Thus, 
effects of ETS on the lungs of adults are likely to be confoum 
by many other factors, making it difficult to attribute any port 
of the effect solely to ETS. 

In some studies of asthmatics, in whom pulmonary reaction 
ETS should be more readily produced, no effects on lung fund 
were reported. In other studies, asthmatics reported complai 
upon exposure to ETS and showed significant pulmonary fu 
tion changes after experimental smoke exposure. Future stu i 
of asthmatics exposed to ETS should be designed so as to li 
the distortion produced by heterogeneous patient groups , var\ 
medication schedules, and psychogenic effects of ETS. 

Lung Cancer 

Considering the evidence as a whole, exposure to ETS 
creases the incidence of lung cancer in nonsmokers. Estimate 
the magnitude of the increased risk vary. Among studies of 
ious populations in Europe, Asia, and North America, _the 
of lung cancer is roughly 30% higher for nonsmoking spouse 
smokers than it is for nonsmoking spouses of nonsmokers. T1 
is consistency among the studies in that all of the studies i 
vidually include the 30% increased risk within the 95% confide 
intervals. Patterns and extent of exposure may vary in diffe: 
communities and countries. Based on presently available epide 
ologic data, the estimate of the increased risk from the Amer: 
studies is lower than the average for all the studies, though not 
nificantly so. These estimates are almost exclusively derived f 
the comparison of persons identified as exposed, or unexposed 
the basis of their spouse’s smoking habits. 

Certain errors in the reporting of smoking habits have pr< 
bly contributed to the risks observed in the epidemiologic stu< 
Misclassification of current or exsmokers as nonsmokers wi 
tend to produce an observed relative risk that is larger than 
true risk. This effect was studied in detail using estimates of th< 
tent of the errors involved and judged to contribute only a pox 
of the excess risk. Underestimation of the increased risk might 


be introduced because the supposedly unexposed population had 
some exposure to ETS, although they were classified as unexposed 
in the studies. Taking both types of errors into account produces 
an estimate of the excess lung cancer risk for nonsmokers married 
to smokers compared with completely unexposed individuals that 
is similar to the relative risk observed in the epidemiologic studies 
considered. 

Since carcinogenic agents contained in ETS are inhaled by 
nonsmokers, in the absence of a threshold for carcinogenic effects, 
an increased risk of lung cancer due to ETS exposure is biologi¬ 
cally plausible. Laboratory studies would be important in determin¬ 
ing the concentrations of carcinogenic constituents of ETS present 
in typical daily environments. The use of biological markers in 
epidemiologic studies is recommended to more precisely quantify 
dose-response relationships between ETS exposure and lung cancer 
occurrence. 

Other Cancers 

There have been few studies of risk for cancers other than lung 
in nonsmokers exposed to ETS. Some of the sites considered have 
been brain, hematopoetic, and all sites combined. The results of 
these studies have been inconsistent. Whether or not there is an 
association between ETS exposure and cancers of any site other 
than lung is an important topic for future epidemiologic inquiries. 

Cardiovascular Disease 

Since active smoking has an adverse effect on cardiovascular 
disease morbidity and mortality, ETS exposure has also become 
suspect. Reports have noted an excess risk of cardiovascular dis¬ 
ease in ETS-exposed nonsmokers; however, methodologic prob¬ 
lems in the designs and analyses of these studies preclude any firm 
conclusions about the results. Studies reporting that ETS can 
precipitate the onset of angina pectoris among people who already 
have this condition are subject to the same precautionary note. 
Exposure to ETS produced no statistically significant effects on 
heart rate or blood pressure in school-aged children or healthy 
adult subjects, either during exercise or at rest. Data are not 
available as to possible adverse cardiovascular effects in suscepti¬ 
ble populations, such as infants, elderly, or diseased individuals. 



to assess the effect of long-term and acute ETS exposure on cardie 
function, blood pressure, and angina in nonsmokers. 

Other Health Considerations in Children 

Several other health outcomes have been studied that relate t 
the growth and health of children. For all postnatal outcomes, : 
is often not possible to differentiate the effect of in utero exposui 
to ETS from subsequent childhood exposures to ETS. 

Nonsmoking pregnant women exposed to smoking spouse 
have been reported to produce babies of lower birthweight tha 
nonsmoking women with nonsmoking spouses. Some studies ha\ 
noted a dose-response relationship between the number of cigi 
rettes smoked by fathers and birthweight of the offspring. At 
ditional studies of intrauterine fetal growth retardation associatt 
with ETS exposure of nonsmoking mothers need to be conductt 
with better assessments of the magnitude of ETS exposure. 

Several studies have examined possible relationships betwee 
chronic exposure to ETS by children and parameters of growt 
and development. Growth is an especially difficult phenomenc 
to study since many factors—such as genetics, nutrition, soci 
class, and ethnicity—play important roles. It is difficult to assig 
proportional causality to each factor. Moreover, height and weigl 
ratios and other growth measures are not reliably obtained 
standard pediatric surveys. A few studies have shown that childr< 
of smokers have reduced growth and development, and one stuc 
reported a dose-response relationship between reduced height ai 
increasing numbers of cigarettes smoked in the home by eith 
the mother or the father. Further work is needed to determine t 
nature of this association. 

Otitis media is a common occurrence in young children, 
several studies, parental smoking, along with several other ri 
factors, has been linked to increased risk of chronic ear infectio 
in children. Further work is needed to determine whether the ast 
ciation is causal. 


1 

Introduction 


Environmental tobacco smoke (ETS) occurs in homes, at 
workplaces, and in public places. The acute irritating and nox¬ 
ious effects of involuntary exposure to ETS, or “passive smoking,” 
are well established. Based in part on these irritating proper¬ 
ties of ETS, a recent report of the NRC recommended a ban on 
smoking in the small enclosed spaces of airliner cabins (National 
Research Council, 1986). More than 20 states and numerous lo¬ 
cal governments have enacted legislation and policies restricting 
smoking (1985 information obtained from the Office on Smoking 
and Health, personal communications). Suc h public information 
campaigns and other actions have convinced a large portion of the 
population that active cigarette smoking is dangerous to health. 
To many, this also implies that exposure to ETS can affect health. 
This report, in part, evaluates whether the_latter beliefs are war¬ 
ranted. It also makes recommendations.for future.exposure moni¬ 
toring and epidemiologic research. 

The issues are complex. I n som e cases the conclusions are 
uncertain, because much of the scientific data necessary to shed 
light on these concerns does not exist. This report addresses the 
following major issues pertaining to ETS: 

• The nature of the smoke. What constitutes ETS? What 
are the chemicals in ETS and what are the dilutions therein? 
There are two physical phases of smoke: particulate phase and 
vapor phase. What chemicals are in each phase? Are any of these 
chemicals carcinogenic or toxic, as determined in bioassays? 
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received, such as tobacco-smoke-specific biological markers 
choices and reasons for choice are there among the markei 

• Effects of exposure. What are the health effects, 
consequent to exposure to ETS? Are these health effects 
to discomfort or irritant effects only, or more serious i 
Are the potential health effects reversible when exposure 
What are the data from human studies? Do interactio 
other environmental agents at workplaces or in homes ne< 
considered? Are there biologically plausible explanations 
various effects ascribed to ETS exposure? 

The report considers sensitive populations such as c 
pregnant women, older persons, and those with persisting 
tory illnesses. It does not consider the established effect: 
fetus carried by a pregnant, smoking woman because th 
an instance in which a nonsmoking individual breathes E 
erated by other people. However, a pregnant, nonsmoking 
might be affected by exposure to ETS, as may her fetus. 

The health effects considered include respiratory sy 
and lung function, and other respiratory ailments (espe 
children), such as asthma and allergic responses, cancer ai 
sites, and cardiovascular disease, among others. Some att 
paid to irritation, annoyance, and associated responses. 

DEFINITIONS 

Environmental tobacco smoke (ETS) originates from ( 
dering end of the tobacco product in between puffs, k 
sidestream smoke (SS), and from the smoker’s exhalec 
[The smoke that the smoker inhales is known as mainstrea 
(MS).] Other contributors to ETS include minor amounts 
that escape during the puff-drawing from the burning i 
some vapor-phase components that diffuse through the 
paper into the environment. These various component 
leased into the environment and are diluted by ambient i 


hereby change character. The composition of this complex mix¬ 
ture, known as ETS, has different physicochemical characteristics 
than the MS. 

There are various terms in the literature that refer to the 
'nhalation of ETS by nonsmokers, e.g., “passive smoking,” “in¬ 
voluntary smoking,” and “breathing other people’s smoke.” We 
ill refer to the inhalation of ETS by using the terms “passive 
smoking” and “exposure to ETS by nonsmokers” interchangeably. 

TRENDS IN CIGARETTE USAGE 

Exposure of nonsmokers to ETS is a function of several vari¬ 
ables, one of which is the number of active smokers with whom the 
nonsmoker comes into contact throughout some period of time. 
The percent of the population who smoke steadily increased over 
the first two-thirds of this century but has declined more recently. 
In 1980, 32% of the adult population considered themselves to be 
cigarette smokers (U.S. Department of Commerce, 1984). This 
percentage, now roughly equal for men and for women, reflects 
a reduction of almost one-third in men since the publication of 
the first Surgeon General’s Report on Smoking and Health in 1964 
(U.S. Public Health Service, 1964). Figure 1-1 shows the trends 
in cigarette usage between 1955 and 1985 for males and females. 
Table 1-1 gives cigarette consumption since 1900. Table 1-2 il¬ 
lustrates an overall increase in cigar and pipe smoking, followed 
by a decline during the past decade. The actual probability of 
exposure to ETS is complex, affected by ventilation rates, size of 
houses, restrictions on where tobacco products may be smoked, 
and changes in the cigarette itself. The consequence of Figure 1-1 
is that the general probability of being exposed to some ETS for 
the nonsmoker has increased until quite recently. 

The magnitude of exposure to ETS will depend upon the 
number of cigarettes and/or cigars and pipes smoked in a given 
environment, as well as other factors such as ventilation. Light 
smokers are more likely to stop smoking than heavy smokers, 
which might explain why over the past 30 years the number of 
cigarettes per smoker and the total consumption (Figure 1-2) have 
not declined as rapidly as the percentage of people who smoke (see 
also cigar and loose tobacco consumption in Table 1-2). From a 
peak consumption in the early 1960s, there has been a decline of 
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FIGURE 1-1 Percentage of current smokers in the United States, 
population, by sex, 1955-1983. From Shopland and Brown (1985). 


20% in the per capita (U.S.) consumption of cigarettes (Sho] 
and Brown, 1985). These data, however, are averaged ove 
total U.S. population, including smokers and nonsmokers. A: 
persons who consider themselves smokers, the cigarette cons 
tion per adult smoker actually has increased from 27.3 to 
cigarettes per day. Table 1-3 demonstrates that, for both £ 
the percent of smokers who are heavy smokers has stead! 
creased over the past 30 years. Therefore, the consumptio 
active smoker indicates that the nonsmoker who has close cc 
with a smoker may be exposed to greater amounts of smoke in 
than in 1955, although the total number of hours a nonsmo 
exposed to ETS would have declined. 

Counteracting this trend of increased exposure has bee 
trend of reduction in amount of tobacco used to fill each ciga 
Physical changes of the leaf due to modern methods of proce 
the use of filter tips (United States, >90% of all cigarettes 


table 1-1 U.S. Cigarette Consumption, 1900 to 1985° 


Year 

Total 

Billions 

Number 

Per 

Capita, 

18 Years 

and Older Year 

Total 

Billions 

Number 

Per 

Capita, 

18 Years 
and Older 

Year 

Total 

Billions 

Number 

Per 

Capita, 

18 Years 
and Older 

1900 

2.5 

54 

1930 

119.3 

1,485 

1960 

484.4 

4,171 

1901 

2.5 

53 

1931 

114.0 

1,399 

1961 

502.5 

4,266 

1902 

2.8 

60 

1932 

102.8 

1,245 

1962 

508.4 

4,265 

1903 

3.1 

64 

1933 

111.6 

1,334 

1963 

523.9 

4,345 

1904 

3.3 

66 

1934 

125.7 

1,483 

1964 

511.3 

4,195 

1905 

3.6 

70 

1935 

134.4 

1,564 

1965 

528.8 

4,259 

1906 

4.5 

86 

1936 

152.7 

1,754 

1966 

541.3 

4,287 

1907 

5.3 

99 

1937 

162.8 

1,847 

1967 

549.3 

4,280 

1908 

5.7 

105 

1938 

163.4 

1,830 

1968 

545.6 

4,186 

1909 

7.0 

125 

1939 

172.1 

1,900 

1969 

528.9 

3,993 

1910 

8.6 

151 

1940 

181.9 

1,976 

1970 

536.5 

3,985 

1911 

10.1 

173 

1941 

208.9 

2,236 

1971 

555.1 

4,037 

1912 

13.2 

223 

1942 

245.0 

2,585 

1972 

566.8 

4,043 

1913 

15.8 

260 

1943 

284.3 

2,956 

1973 

589.7 

4,148 

1914 

16.5 

267 

1944 

296.3 

3,039 

1974 

599.0 

4,141 

1915 

17.9 

285 

1945 

340.6 

3,449 

1975 

607.2 

4,123 

1916 

25.2 

395 

1946 

344.3 

3,446 

1976 

613.5 

4,092 

1917 

35.7 

551 

1947 

345.4 

3,416 

1977 

617.0 

4,051 

1918 

45.6 

697 

1948 

358.9 

3,505 

1978 

616.0 

3,967 

1919 

48.0 

727 

1949 

360.9 

3,480 

1979 

621.5 

3,861 

1920 

44.6 

665 

1950 

369.8 

3,522 

1980 

631.5 

3,851 

1921 

50.7 

742 

1951 

397.1 

3,744 

1981 

640.0 

3,840 

1922 

53.4 

770 

1952 

416.0 

3,886 

1982 

634.0 

3,753 

1923 

64.4 

911 

1953 

408.2 

3,778 

1983 

600.0 

3,502 

1924 

71.0 

982 

1954 

387.0 

3,546 

1984 

600.4'’ 

3,461'’ 

1925 

79.8 

1,085 

1955 

396.4 

3,597 

1985 

595.0" 

3,384" 

1926 

89.1 

1,191 

1956 

406.5 

3,650 




1927 

97.5 

1,279 

1957 

422.5 

3,755 




1928 

106.0 

1,366 

1958 

448.9 

3,953 




1929 

118.6 

1,504 

1959 

467.5 

4,073 





"Includes overseas forces, 1917-1919 and 1940 lo date. Commodity Economics Division, 
Economic Research Service, USDA. 

'’Subject to revision. 

"Estimated. 

SOURCE: U.S. Department of Agriculture, 1985. 
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FIGURE 1-2 Total cigarette consumption (domestic sales), 1955- 19 


1978; Griese, 1984), and variations in the composition of to 
blends for cigarettes (Norman, 1982) have made this redi 
possible. 

In 1956, the U.S. average tar and nicotine yields wer< 
mg and 2,69 mg, respectively. Since then, tar and nicotine 
have steadily decreased to 13.2 mg tar and 0.95 mg nicot 
1980 (The Tobacco Institute, 1981). However, tar and ni 
yields in the SS of cigarettes have not significantly changed < 




:able 1-2 U.S. Consumption of Cigars and Tobacco for Pipes and 
land-rolled Cigarettes 


fear 

Cigars, 

millions 

Tobacco, 
Mn. Ib“ 

Year 

Cigars, 

millions 

Tobacco, 
Mn. Ib“ 

Year 

Cigars, 

millions 

920 

8,609 

_ 

1950 

5,608 

104.3 

1980 

5,386 

921 

7,435 

_ 

1951 

5,778 

97.4 

1981 

5,231 

922 

7,527 

— 

1952 

6,037 

92.9 

1982 

4,901 

923 

7,505 

— 

1953 

6,107 

84.3 

1983 

4,884 

924 

7,189 

— 

1954 

6,024 

81.2 



925 

6,949 

_ 

1955 

6,078 

77.8 



926 

7,008 

— 

1956 

6,039 

70.0 



927 

7,008 

— 

1957 

6,194 

68.9 



928 

6,874 

— 

1958 

6,586 

74.4 



929 

6,972 

— 

1959 

7,377 

71.9 



930 

6,272 

_ 

1960 

7,434 

72.2 



931 

5,656 

— 

1961 

7,083 

72.7 



932 

4,724 

— 

1962 

7,103 

69.8 



933 

4,553 

— 

1963 

7,434 

69.7 



934 

4,818 

— 

1964 

9,899 

81.7 



935 

4,943 

_ 

1965 

8,949 

69.8 



1936 

5,362 

— 

1966 

8,610 

68.6 



1937 

5,516 

— 

1967 

8,403 

66.4 



1938 

5,294 

— 

1968 

8,331 

69.6 



1939 

5,469 

— 

1969 

8,579 

68.3 



1940 

5,491 

_ 

1970 

8,881 

74.0 



194! 

5,933 

— 

1971 

8,830 

69.5 



1942 

6,339 

— 

1972 

11,125 

66.8 



1943 

5,350 

— 

1973 

11,126 

59.5 



1944 

4,878 

— 

1974 

9,339 




1945 

5,027 

_ 

1975 

8,663 




1946 

5,929 

— 

1976 

7,492 




1947 

5,706 

— 

1977 

6,792 




1948 

5,860 

— 

1978 

6,231 




1949 

5,625 

— 

1979 

5,706 





"Tobacco for pipes and hand-rolled cigarettes, not available prior to 1950. 


SOURCES: Lee, 1975; Tobacco Reporter, 1984. 






1965 

46.2 



1976 

37.6 

43.4 


1980 

34.7 

42.0 

23.0 

1983 

33.8 

45.6 

20.6 


SOURCE: Shopland and Brown, 1985. 


in the case of cigarettes designed for ultralow yields of tar and 
nicotine. Certain other components, in particular volatile, toxic 
components, are released into SS in significantly greater amounts 
than into MS. Furthermore, ETS contains significantly smaller 
particles than MS, and nicotine, and perhaps other smoke con¬ 
stituents, is volatilized to a greater extent in SS than in MS. This 
means that the gas-phase composition of SS differs substantially 
from that of MS. 

The health implications to nonsmokers of exposure to ETS 
may not be a simple extrapolation from the studies of active 
smokers. The complexities of such extrapolations will be discussed. 

Children represent a large population of nonsmokers who may 
be exposed to environmental smoke. Several cohort studies of chil¬ 
dren are reviewed in Chapter 11. Although there is some variation 
among these studies, they indicate, mainly through questionnaires, 
that between 50 and 65 percent of the children have been exposed 
to tobacco smoke in the home during the past 20 years. Health 
implications of this exposure for the developing child will be dis¬ 
cussed. 

ORGANIZATION 

This report begins with a discussion of the components of ETS 
(Chapter 2) and what in vivo and in vitro studies have determined 
about ETS (Chapter 3). Various methods of exposure assessment 






are considered in Chapters 4 through 8, including physical effects, 
questionnaires, and biological markers. Chapters 9 through 15 
review epidemiologic studies of possible health effects of these ex¬ 
posures. The health consequences examined range from irritation 
and allergic reactions to cancer and cardiovascular disease. Only 
studies that assess exposures under experimental conditions or in 
the home are included. ETS potentially interacts with constituents 
of the ambient air. This makes the evaluation of possible health 
effects due to workplace exposure complex and specific to each 
situation because of the varying nature of contaminants. Each 
chapter concludes with a summary of what is currently known, 
the strength of that knowledge, and what additional information 
would further clarify the relationship of ETS and possible health 
effects. Some recommendations for additional research are also 
given. 
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I 

PHYSICOCHEMICAL AND 
TOXICOLOGICAL STUDIES OF 
ENVIRONMENTAL TOBACCO 
SMOKE 



2 

The Physicochemical Nature of 
Sidestream Smoke and 
Environmental Tobacco Smoke 


INTRODUCTION 

Mainstream smoke (MS) is the aerosol drawn into the mouth 
of a smoker from a cigarette, cigar, or pipe. Sidestream smoke (SS) 
is the aerosol emitted in the surrounding air from a smoldering 
tobacco product between puff-drawing. SS is a major source of 
environmental tobacco smoke (ETS), i.e., air pollution caused 
by the burning of tobacco products. Other contributors to ETS 
are the exhaled portion of MS and the smoke that escapes from 
the burning part of a tobacco product during puff-drawing. In 
addition, some volatile components (e.g., carbon monoxide) diffuse 
through cigarette paper and contribute to ETS. 

Tobacco smoke aerosols are diluted with air by the time they 
are inhaled as ETS air pollutants. Furthermore, the physical char¬ 
acteristics and chemical composition of ETS change as the pollu¬ 
tants “age”: nicotine is volatilized; particle sizes decrease; nitrogen 
oxide gradually oxidizes to nitrogen dioxide; various components 
of the ambient air (e.g., radon daughters) can be adsorbed on the 
particles; and other physicochemical changes can occur. 

In the scientific literature, the terms “passive smoke,” “passive 
smoking,” and “involuntary smoking” are used often. These terms 
do not adequately describe ETS and its inhalation, but they are 
used interchangeably with “ETS” in this report. 

Most of the reported data on MS, SS, and ETS pertain to 
cigarette smoking. Few comparative data on smoke pollutants 
from other tobacco products are available. 
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1967) to obtain reproducible data for the determination of vane 
individual constituents of undiluted MS and SS. Such data p 
vide a scientific basis for comparing tobacco products and bran 
The standardized machine-smoking conditions were developec 
decades ago to simulate human smoking behavior (Wartman 
al. 1959). However, these can differ substantially from those 
today’s cigarette smokers, especially in the case of filter-tipi 
products that are designed to deliver low yields of tar and nicot 
(Herning et al, 1981). 

For cigarettes and cigarette-like cigars weighing up to 
g, the most widely used machine-smoking conditions in the t 
laboratory are as follows: one 35-ml puff lasting 2 seconds tal 
once a minute. The butt length for nonfilter cigarettes is 23 rr 
For filter-tipped cigarettes, the total length is increased 3 mm 
filter tip plus overwrap (Pillsbury et al., 1969; Brunnemann et 
1976). For cigars, the conditions are as follows: a 30-ml puff ta 
once every 40 seconds and a butt length of 33 mm (Internatic 
Committee for Cigar Smoke Study, 1974). For pipe smoking 
test calls for a bowl filled with 1 g of tobacco and for a 50-ml ] 
lasting 2 seconds to be taken every 12 seconds (Miller, 1964). 

Several devices have been used for generating SS from c 
rettes and cigars (Dube and Greene, 1982). Among them, 
Neurath and Ehmke chamber or modification thereof have b 
used for chemical analytic work on SS (Neurath and Ehmke, 1! 
Brunnemann and Hoffmann, 1974). When SS is generatec 
stream of air is sent through a chamber at 25 ml/second. At 
rate, the tar and nicotine yields in the MS of cigarettes and ci, 
smoked in the chamber are similar to those obtained by smol 
cigarettes or cigars in the open air. However, the velocity of 
airstream through the chamber has considerable influence on 
yields of individual compounds in SS (Riihl et al., 1980; Klus 
Kuhn, 1982). In order to collect the particulate matter of MS 
SS, the aerosols are directed through a glass-fiber filter that t 
more than 99% of all the particles with diameters of 0.1 /xr 
more (Wartman et al., 1959). The portion of the smoke that p« 
through the filter is designated as the vapor phase. This arbit 
separation into particulate phase and vapor phase does not n< 
sarily reflect the physicochemical conditions prevailing in MS 


SS. However, it does reflect specific trapping systems and analytic 
methods that have been developed for the standardized determi¬ 
nation of individual components or groups of components in MS 
or SS (Brunnemann and Hoffmann, 1982; Dube and Greene, 1982). 

Standardized machine-smoking conditions do not exactly du¬ 
plicate the smoking patterns of an individual, which depend on 
many factors. For example, low nicotine delivery in cigarette 
smoke generally induces a smoker to puff more frequently (up to 
5 puffs/minute), to draw larger volumes (up to 55 ml/puff), and to 
inhale more deeply. Puffing more frequently increases the amount 
of tobacco consumed during generation of MS and thus diminishes 
the amount of tobacco burned between puffs. This, in turn, af¬ 
fects the release of combustion products in SS, so an increase in 
puff frequency diminishes the production of SS and ETS. Also, 
smoking behavior appears to depend strongly on the blood con¬ 
centration of nicotine that the smoker desires to reach (Krasnegor, 
1979; Grabowski and Bell, 1983). 

The smoker, because of proximity to the source, usually in¬ 
hales more of the SS and ETS originating from the burning of the 
tobacco product than a nonsmoker; however, we do not know the 
exact amount and we do not know the degree to which inhaled SS 
and ETS aerosols are retained in the smoker’s respiratory tract. 
Model studies with MS have shown that more than 90% of some 
hydrophilic volatile components (e.g., acetaldehyde) is retained 
after inhalation by the smoker (Dalham et al., 1968a). There¬ 
fore, one may assume that a large proportion of the hydrophilic 
agents in the vapor phase of SS and ETS is also retained when 
smoke-polluted ambient air is inhaled. In the case of hydrophobic 
components of the vapor phase of MS (e.g., carbon monoxide), the 
retained fraction depends on the depth of inhalation, but it hardly 
ever exceeds 50% (Dalham et al., 1968b). An active smoker gen¬ 
erally retains 90% or more of MS particles (Dalham et al., 1968b; 
Hiller, 1984), whereas a nonsmoker exposed to ETS appears to 
retain a smaller percentage of ETS particles. It has been calcu¬ 
lated that, depending on the degree of SS pollution, a nonsmoker 
exposed to ETS can retain 0.014 to 1.6 mg of particles per day 
from ETS (Hiller, 1984). 


The SS generated between puffs originates from a stronglj 
ducing atmosphere. Therefore, undiluted SS contains more c 
bustion products that result from oxygen deficiency and thei 
cracking of molecules than does MS. In addition, SS forma 
involves generation of higher amounts of compounds from nitr 
tion reactions. Consequently, SS differs substantially from Mf 
Table 2-1 compares MS and SS from nonfilter cigarettes. 1 
ing the consumption of one whole cigarette under standard sn 
ing conditions, the formation of cigarette MS generated durin 
puffs (each 2 seconds) of a blended nonfilter cigarette require 
s and consumes 347 mg of tobacco. The formation of SS from 
same cigarette smoldering requires 550 seconds and consumes 
mg of tobacco. However, as shown with experimental cigare 
the amounts of tobacco consumed during and between puffs 
pend greatly on the type of tobacco (Johnson et al., 1973a) 
addition, MS and SS are generated at different temperatures, 
example, under laminar atmospheric conditions, the SS of a s 
dering cigarette enters the surrounding atmosphere about 3 
in front of the paper burn line, at about 350°C (Baker, 1984) 

The pH of the MS of a blended American cigarette ranges: 
6.0 to 6.5, whereas the pH of SS is 6.7 to 7.5. Above a pH of 6.0 
proportion of unprotonated nicotine in undiluted smoke incre 
therefore, SS contains more free nicotine in the gas phase than 
The pH of SS of cigars is 7.5 to 8.7; pH values for pipe smoke 
not been reported (Brunnemann and Hoffmann, 1974). U 
conditions prevailing in MS, SS, and ETS, unprotonated nic< 
is primarily present in the vapor phase; its absorption thr 
the mucous membranes is faster; thus, its pharmacologic < 
is different from that of unprotonated nicotine in the partic 
matter (Armitage and Turner, 1970). 

About 300-400 of the more than 3,800 compounds iden 
in tobacco smoke have been measured in MS and SS. Tabl 
lists the amounts of selected substances reported to occur i> 
MS and in SS from the burning of a whole nonfilter cigaretti 
the range of the ratio of their amounts in SS/MS. A ratio gr 
than unity means that more of a substance is released in SS 
in MS. The separation of the compounds in Table 2-2 into 1 
phase and particulate phase constituents reflects the conditi 



table 2-1 Some Physiocochemical Characteristics of Fresh, Undiluted 
Mainstream and Sidestream Smoke from a Nonfilter Cigarette 0 


Characteristics 

MS 

SS 

Reference 

Duration of smoke 
production, s 

20 

550 

Neurath and 

Horstmann, 1973 

Tobacco burned, mg 

347 

411 

Neurath and 

Peak temperature during 
formation, °C 

900 

600 

Horstmann, 1973 
Wynder and 

Hoffmann, 1967 

pH 

6.0-6.2 

6.4-6.6 

Brunnemann and 

Number of particles 
per cigarette 

10.5 X 10 12 

3.5 X 10' 2 

Hoffmann, 1974 
Scassellatti-Sforzoline 
and Savino, 1968 

Particle size, gm 

0 . 1 - 1.0 

0.01-0.8 

Carter and Hasegawa, 

Particle mean diameter, gm 

0.4 

0.32 

1975; Hiller et al., 

1982 

Carter and Hasegawa, 

Gas concentration, vol.% 
Carbon monoxide 

3-5 

2-3 

1975; Hiller et al., 

1982 

Keith and Derrick, 

Carbon dioxide 

8-11 

4-6 

1960 

Wynder and 

Oxygen 

12-16 

1.5-2 

Hoffmann, 1967 
Baker, 1984 

Hydrogen 

3-15 

0.8-1.0 

Hoffmann et al., 1984a,b 


"Data were obtained under standard laboratory smoking conditions of one puff per min¬ 
ute, lasting 2 s, and having volume of 35 ml. Mainstream smoke collected directly from end of 
cigarette. Sidestream smoke was measured 4 mm from burning cone (gas temperature, 
350°C). 


prevailing in MS and does not apply to the distribution of 
these compounds in the vapor phase and particulate phase of SS. 

The ratio of the amount of tobacco burned during SS genera¬ 
tion to that burned during MS generation is 1.2:1 to 1.5:1 (see Tar 
ble 2-1 for data on nonfilter cigarettes). Therefore, if one assumed 
that the combustion process is the same during the generation of 
the two kinds of smoke, the ratios of their various constituents 
would also be between 1.2:1 and 1.5:1. That is not the case, as 
indicated by the higher SS/MS values in Table 2-2. For instance, 
in the first part of Table 2-2, which lists volatile compounds, the 
ratios for carbon monoxide range from 2.5 to 4.7, for carbon diox¬ 
ide from 8 to 11, for acrolein from 8 to 15, and for benzene about 
10 . 




Smoke and Diluted Sidestream Smoke from Nonfilter Cigarettes' 


Constituent Amount in MS Range in SS/MS 

Vapor phase 4 


Carbon monoxide 

10-23 mg 

2.5-4.7 

Carbon dioxide 

20-40 mg 

8-11 

Carbonyl sulfide 

18-42 gg 

0.03-0.13 

Benzene" 

12-48 gg 

5-10 

Toluene 

100-200 gg 

5.6-8.3 

Formaldehyde 

70-100 fig 

0.1- = 50 

Acrolein 

60-100 fig 

8-15 

Acetone 

100-250 gg 

2-5 

Pyridine 

16-40 fig 

6.5-20 

3-Methylpyridine 

12-36 gg 

3-13 

3-Vinylpyridine 

11-30 gg 

20-40 

Hydrogen cyanide 

400-500 gg 

0.1-0.25 

Hydrazine 1 * 

32 ng 

3 

Ammonia 

50-130 fig 

40-170 

Methylamine 

11.5-28.7 gg 

4.2-6.4 

Dimethylamine 

7.8-10 ng 

3.7-5.1 

Nitrogen oxides 

100-600 ng 

4-10 

AZ-Nitrosodimcthylamine" 

10-40 ng 

20-100 

A/-Nitrosodiethylamine c 

ND-25 ng 

<40 

A'-Nitrosopyrrolidine 1 ’ 

6 -30 ng 

6-30 

Formic acid 

210-490 /ig 

1.4-1.6 

Acetic acid 

330-810 gg 

1.9-3.6 

Methyl chloride 

150-600 ng 

1.7-3.3 

Particulate phase 4 

Particulate matter" 

15-40 mg 

1.3-1.9 

Nicotine 

1-2.5 mg 

2.6-3.3 

Anatabine 

2-20 ng 

<0.1-0.5 

Phenol 

60-140 ng 

1.6-3.0 

Catechol 

100-360 ng 

0.6-0.9 

Hydroquinone 

110-300 ng 

0.7-0.9 

Aniline 

360 ng 

30 

2-Toluidine 

160 ng 

19 

2-Naphthylamine 1 ' 

1.7 ng 

30 

4-Aminobiphenyl" 

4.6 ng 

31 

Benzlalanthracene" 

20-70 ng 

2-4 

BenzolMlpyrene 1 * 

20-40 ng 

2.5-3.5 

Cholesterol 

22 ng 

0.9 

y-Butyrolactone" 

10-22 ng 

3.6-5.0 

Quinoline 

0.5-2 gg 

8-11 

Harman^ 

i.7-3.1 ng 

0.7-1.7 

A" -N itrosonornicotine 1 ’ 

-200-3,000 ng 

0.5-3 

NNK* 

100 -1,000 ng 

1-4 

iV-Nitrosodiethanolamine 1, 

20-70 ng 

1.2 




tadLe. a-a i^ununueu 


Constituent 

Amount in MS 

Range of SS/MS 

Cadmium 

100 ng 

7.2 

Nickel 1 ' 

20-80 ng 

13-30 

Zinc 

60 ng 

6.7 

Polonium-210" 

0.04-0.1 pCi 

1.0-4.0 

Benzoic acid 

14-28 gg 

0.67-0.95 

Lactic acid 

63-174 

0.5-0.7 

Glycolic acid 

37-126 ^g 

0.6-0.95 

Succinic acid 

110-140 gg 

0.43-0.62 


"Data from Elliot and Rowe (1975); Schmcltz et al. (1979); Hoffmann et al. (1983); Klus 
and Kuhn (1982); Sakuma et al. (1983, 1984a,b); Hiller et al. (1982). Diluted SS is collected 
with airflow of 25 ml/s, which is passed over the burning cone. 

''Separation into vapor and particulate phases reflects conditions prevailing in MS and 
does not necessarily imply same separation in SS. 

"Human carcinogen (U.S. Department of Health and Human Services, 1983). 

‘'Suspected human carcinogen (U.S. Department of Health and Human Services, 1983). 

"Animal carcinogen (Vainio et al., 1985). 

■'l-methyl-9/7-pyrido|3,4-5]-indole. 

g NNK = 4-(Af-methyl-A/-nitrosamino)-l-(3-pyridyl)-l-butanone. 


The high SS/MS values of carbon monoxide and carbon diox¬ 
ide show that more of each of these constituents is generated 
in the oxygen-deficient cone during smoldering than during puff- 
drawing. After passing briefly through the hot cone, most of the 
carbon monoxide is oxidized to carbon dioxide, probably because 
of the high temperature gradient and sudden exposure to air. 

The high SS/MS values of volatile pyridines are thought to 
be due to the fact that these compounds are formed from the 
alkaloids during smoldering (Schmeltz et al., 1979). Hydrogen 
cyanide is formed primarily from protein at temperatures above 
700°C (Johnson and Karg, 1971). Thus, smoldering of tobacco at 
600°C does not favor the pyrosynthesis of hydrogen cyanide to the 
extent that it occurs during MS generation. 

With regard to the carcinogenic potential of SS, it is impor¬ 
tant to consider the SS/MS ratio of NO x —4 to 10. More than 
95% of the NO* inhaled by the smoker is in the form of nitric 
oxide, and only a small portion is oxidized to the powerful ni- 
trosating agent, nitrogen dioxide. Only a small fraction of nitric 
oxide is expected to be retained in the respiratory system by being 
bound to hemoglobin. NO x released into the environment in SS 


^ j. - --- r - i-- u 

tain increased concentrations of the hydrophilic nitrosating 
nitrogen dioxide. 

Perhaps the most remarkable data in this portion of Tal 
are the very high SS/MS values of ammonia, nitrogen oxid 
the volatile JV-nitrosamines. Studies with [ 16 JV]nitrate have 
that, during burning of tobacco, nitrate is reduced to arm 
which is released to a greater extent in SS than in MS durin 
drawing (Just et al., 1972). An extreme example is the cai 
cigarette made exclusively from burley tobacco, a variety gej 
rich in nitrate (2.0-5.0% in U.S. survey); ammonia is relee 
SS at 8,500 /ig/cigarette (SS/MS 170, according to Johnson 
1973b). (In the case of a blended cigarette, the greater gent 
of ammonia in SS causes an increased pH, which can be al 
whereas the pH of MS is about 6.) 

The ranges of high SS/MS ratios of the highly carcir 
volatile JV-nitrosamines (such as JV-nitrosodimethylamine- 
100) have been well established (Brunnemann et al., 197"i 
Riihl et al., 1980). 

The second part of Table 2-2 lists some constituents 
ticulate matter, their amounts reported to occur in MS 
the burning of one cigarette, and ranges of the relative ai 
in SS/MS. The increases in SS of tobacco-specific JV-nitrose 
such as 4-(A r -methyl-A r -nitrosamino)-l-(3-pyridyl)-l-bu 
(NNK), JV-nitrosodiethanolamine, and iV'-nitrosonornicoti 
up to fourfold. Presently we do not know whether the t( 
specific iV-nitrosamines axe present in the particulate phas 
the vapor phase of ETS (Hoffmann and Hecht, 1985). 

Constituents of the vapor phase would be less likely t 
with the smoke particles, but would remain in the ambi 
for longer spans of time. Research is needed to evalua 
distribution, which is important with respect to the carcb 
potential of SS. The meaning of the abundant release of 
in SS (SS/MS, to 30-fold)—as indicated by the data in 
2-toluidine, and the alkaloids—should also be examined, 
amines are readily nitrosated to A-nitrosamines, but analy 
on secondary reactions of amines in polluted environme 
lacking. 


table 2-3 Relative Concentrations (SS/MS) of Selected Components in 
Fresh, Undiluted Smoke of Four 85-mm Commercial American 
Cigarettes" 


Constituent Concentrations in Smoke* 


Constituent 0 

Cigarette A, 

NF 

Cigarette B, 

F 

Cigarette C, 

F 

Cigarette D, 

PF 

SS 

SS/MS SS 

SS/MS 

SS 

SS/MS 

SS 

SS/MS 

Tar, mg/g 

22.6 

1.1 

24.4 

1.6 

20.0 

2.9 

14.1 

15.6 

Nicotine, mg/g 

4.6 

2.2 

4.0 

2.7 

3.4 

4.2 

3.0 

20.0 

CO, mg/g 

28.3 

2.1 

36.6 

2.7 

33.2 

3.5 

26.8 

14.9 

NHj, mg/g 

524 

7.0 

893 

46 

213.1 

6.3 

236 

5.8 

Catechol, ug/g 

58.2 

1.4 

89.8 

1.3 

69.5 

2.6 

117 

12.9 

BaP, ng/g 

67 

2.6 

45.7 

2.6 

51.7 

4.2 

448 

20.4 

NDMA, ng/g 

735 

23.6 

597 

139 

611 

50.4 

685 

167 

NPYR, ng/g 

177 

2.7 

139 

13.6 

233 

7.1 

234 

17.7 

NNN, ng/g 

857 

0.85 

307 

0.63 

185 

0.68 

338 

5.1 


"Data from Adams et al. (1985). Tar values for MS: cigarette A, 20.1 mg; cigarette B, 15.6 
mg; cigarette C, 6.8 mg; cigarette D, 0.9 mg. 

*NF — nonfilter cigarette; F = filter cigarette; PF = cigarette with perforated filter tip; 
BaP = benzo[alpyrenc. 

°NDMA = W-nitrosodimethylaniine; NPYR = N-nitrosopyrrolidine; NNN = N'-nitro- 
sonornieotine. 


To comprehend the data in Table 2-2 fully, some aspects 
should be emphasized. First, the data are based on analyses 
of nonfilter cigarettes that were smoked under standard labora¬ 
tory conditions. Second, those conditions, established according 
to smoking patterns observed 3 decades ago, have been shown not 
to reflect today’s smoking behavior. The difference is especially 
evident in the case of filter cigarettes designed for low smoke yields. 
Most consumers inhale the smoke of such cigarettes more intensely 
than the smoke of nonfilter cigarettes (Hill and Marquardt, 1980; 
Herning et al., 1981). This difference affects the yield of SS. Con¬ 
ventional cigarette filter tips primarily influence the yield of MS, 
but have little impact on SS yield. However, highly active filter 
tips, especially those with perforations, also affect the yield of 
SS (Adams et al., 1985). It is apparent in Table 2-3 that for all 
cigarettes studied the SS/MS values are greater than 1 for many 
toxic and carcinogenic constituents. 



table 2-4 Measured Concentrations of Carbon Monoxide in ETS‘ 
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u.is or u.uyo jum ^jcveiun ana uerncx, i^ou; vvynaer ana noumaim, 
1967; Ingebrethsen and Sears, 1985). Another change caused by 
air dilution of SS is the volatilization of nicotine. In ETS, nico¬ 
tine is present almost exclusively in the vapor phase (Eudy et al., 
1985). In addition, redistributions of other constituents in SS due 
to air dilution might account for the presence of other semivolatile 
chemicals in the vapor phase of ETS, but we lack data on such 
effects. 

The scientific literature contains an abundance of data on 
indoor air pollution by ETS (U.S. Public Health Service, 1979; 
National Research Council, 1981). We limit our review here to 
measurements made under field conditions and have excluded data 
from experimental studies. Most of the published data, summa¬ 
rized in Tables 2-4 through 2-9, do not exclude the possibility that, 
even though the respiratory environments analyzed were polluted 
largely by ETS, some other sources of pollution contributed to the 
reported concentrations of individual agents. (Many studies have 
dealt with the measurement of particulate matter in environments 
polluted by tobacco smoke. Chapter 5 discusses the measurement 
of particulate matter, and the results of the studies are summa¬ 
rized in Table 5-1.) 

Table 2-4 shows concentrations of carbon monoxide measurec 
in a variety of indoor spaces with and without occupancy bj 
smokers. Carbon monoxide concentrations were generally highei 
in spaces where smoke was present. They were highly variable 
however, and collected data on each space were insufficient (e.g. 
number of cigarettes smoked and volume of space) to show ; 
consistent relationship. 

Tobacco is the only known source of nicotine, so the Nico 
tiana alkaloid is a specific indicator for tobacco smoke pollution 
Nicotine concentrations in smoke-polluted rooms were generall; 
found to be 5-50 Mg/m 3 and much higher (up to 500 Mg/m 3 ) ii 



heavily polluted environments (Table 2-5). In small interior com¬ 
partments, such as automobiles, occupants who smoke tobacco 
have generated nicotine concentrations of 1,010 /ng/m 3 (Badre et 
al., 1978). 

Freshly generated tobacco smoke contains nitric oxide, but not 
nitrogen dioxide. On release into the environment, nitric oxide is 
gradually oxidized to nitrogen dioxide. The estimated half-life 
of nitric oxide is 10-20 minutes, depending on the degree of air 
dilution. Table 2-6 shows concentrations of nitric oxide and nitro¬ 
gen dioxide in smoke-polluted environments and indicates means 
ranging from 9 to 195 ppb for nitric oxide and 21 to 76 ppb for 
nitrogen dioxide. Generally, the nitrogen oxide values reported 
in Table 2-6 are significantly in excess of those observed for out¬ 
door atmospheres. However, some severe air pollution episodes in 
industrial areas have reportedly caused levels of 100 ppb, which 
persisted over several hours or even for several days (Goldsmith 
and Friberg, 1977). As a constituent of the respiratory envi¬ 
ronment, nitrogen dioxide conceivably contributes to endogenous 
nitrosation, which leads to the presence of nitros amines in ex¬ 
posed subjects. Whereas it has been clearly demonstrated that 
inhaled cigarette smoke increases the endogenous formation of N- 
nitrosamines (Hoffmann and Brunnemann, 1983; Ladd et al., 1984; 
Lu et al., 1986; Tsuda et al., 1986), the endogenous formation of 
A-nitrosamines in nonsmokers exposed to ETS has so far not been 
demonstrated (Brunnemann et al., 1984). 

Tables 2-7 and 2-8 show concentrations of acrolein and acetone 
in ETS. These volatile carbonyl compounds are known to affect 
mucociliary function and thus inhibit the clearance of smoke par¬ 
ticles from the lung (Wynder and Hoffmann, 1967). 

Table 2-9 shows concentrations of some additional toxic agents 
in ETS. Benzene, A-nitrosodimethylamine, A-nitrosodiethyl- 
amine, and the polynuclear aromatic hydrocarbons, represented 
by benzo[a]pyrene, are of concern, because they are known car¬ 
cinogens (Vainio et al., 1985). 

RADIOACTIVITY OF 
ENVIRONMENTAL TOBACCO SMOKE 

The radioactive isotopes of lead (Pb-210), bismuth (Bi-210), 
and polonium (Po-210), known as long-lived radon daughters in 
the decay chain of uranium via radium and radon (Radford and 



table 2-5 Measured Concentrations of Nicotine in ETS‘ 
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44 offices — — 0.9 ±1.9 13.8 (peak) Weber and Fischer, 1980 

“Time-weighted average (TWA) of nicotine, 500 /ig/m 3 . TWA = average concentration to which worker may be exposed continuously f 
without damage to health (National Institute for Occupational Safety and Health, 1971). 




2-6 Measured Concentrations of Nitrogen Oxides in ETS tt _ 

Nitrogen Oxides Concentrations, ppb 
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elson, 1983). 

The presence of Pb-210 and subsequent decay products in 
>acco might derive from uptake of Pb-210 from the soil, espe- 
lly if radium-rich phosphate fertilizers have been used (Tso et 
, 1966). It may also result from adsorption of short-lived radon 
lighters on the leaves of the tobacco plant when phosphate fer- 
zers are used and the leakage of radon from the ground is 
srefore increased. This adsorption applies to short-lived daugh- 
s, which then decay to the long-lived Pb-210, and subsequent 
slides found in the tobacco when phosphate fertilizers, contain- 
; radium-226, are used (Fleischer and Parungo, 1974; Martell, 
75). The origin of these decay products could also be due to the 
leral occurrence of radon in the atmosphere (Hill, 1982). 

In recent years, relatively high concentrations of radon and 
irt-lived radon daughters have been found in indoor air in homes 
several countries (Nero et al., 1985). In clean air, the short-lived 
Ion daughters tend to be more unattached to aerosol particles 
d therefore are more easily deposited on walls, furniture, etc., es- 
sially through electrostatic forces. In the presence of an aerosol 
e tobacco smoke, some of the short-lived radon daughters are 
■ached to particles, and therefore remain available for inhalation 
a much greater extent than would otherwise be the case. Indoor 
Ion-daughter concentration can more than double in the pres- 
ce of tobacco smoke (Bergman and Axelson, 1983). Since radon 

ghter exposure is a well-known cause of lung cancer in miners, 
s described attachment of radon daughters to cigarette smoke 
iuld contribute to the carcinogenic potential of ETS (Little et al., 
65; Rajewsky and Stahlhofen, 1966; Radford and Martell, 1978). 
ven the presence of appreciable amounts of radon in indoor air, 
adiation of the bronchial tract from radon daughters attached 
smoke aerosol could be more important than the irradiation 
m the long-lived daughters in the tobacco itself. This subject 
eds further research, especially in light of recent reports on the 
despread prevalence of indoor radon throughout the world. 


XUA1U AINJU *JAK<JiiNUUJliINHJ AUHilN X» 

IN TOBACCO SMOKE 

Combustion products of cigarettes are the main contributors 
of ETS. Therefore, comparisons of concentrations of specific toxins 
and carcinogens in ETS (Tables 2-4 through 2-9) with correspond¬ 
ing concentrations in MS are relevant. 

However, comparisons of MS and ETS can be appropriate 
only if one considers the important differences in chemical com¬ 
position (including pH) and physicochemical nature (e.g., particle 
size, air dilution factors, and distribution of agents between vapor 
and particulate phases) between the two aerosols. Furthermore, 
ETS in indoor environments is often accompanied by pollutants in 
the work environment or derived from other sources, such as cook¬ 
ing stoves and space heaters. There are also important differences 
between inhaling ambient air and inhaling a concentrated smoke 
aerosol during puff-drawing. Finally, chemical and physicochem¬ 
ical characteristics based on analysis of smoke generated by ma¬ 
chine smoking are not fully comparable with those of compounds 
generated when a smoker inhales cigarette smoke. Especially in 
the case of low-yield cigarettes, the yields of constituents appear 
to be different between machine smoking and human smoking 
(Herning et al., 1981). 

Table 2-10 compares concentrations of some smoke constitu¬ 
ents in the MS generated in the laboratory from one cigarette 
to those inhaled by a nonsmoker exposed to ETS for 1 hour.* 
The physical and chemical changes that occur in reactive smoke 
constituents during aging of the compounds after their emission 
into the environment must also be considered. For example, nitric 
oxide is generated in a cigarette during smoking and is chemically 

* The computations for exposures to nonsmokers for 1 hour in Table 2-10 
are made using the equation: 

mg/h = mg/m 3 X 10 _3 m 3 /L x 600L/h, 

assuming an average respiratory rate of 10 L/minute. To convert from ppm 
(or ppb) to mg/m 3 , the following equation is used: 

, 3 ppm X molecular weight 
mg/m = -—-, 

ol DT ’ 


where RT at 20° C is 24.45. 


Lowever, once emu,tea into so ana auutea to Decome an Jiiib 
□mponent, nitric oxide is partially oxidized to nitrogen dioxide 
d progressively more oxidized as more time elapses, producing 
potent hydrophilic nitrosating agent. 

SUMMARY AND RECOMMENDATIONS 

The smoldering of tobacco between puffs generates SS. Undi- 
ted SS contains some toxic compounds in much higher concen- 
ations than MS, especially ammonia, volatile amines, volatile ni- 
osamines, some nicotine decomposition products, and aromatic 
.mines. Furthermore, decay products of radon from the tobacco 
,nd from other sources adsorbed on some particles in indoor air 
night contribute to the carcinogenic potential of ETS. 

SS is a major contributor to ETS. Respiratory environments 
hat are polluted with SS contain measurable amounts of nicotine 
md other toxic agents, including carcinogens. We lack data on the 
iresence and concentrations of many of the known SS components 
n polluted, enclosed environments. The concentrations of toxic 
igents of ETS are governed primarily by the amount of tobacco 
moked, the degree of ventilation, and the volatility of the agents, 
i'uture studies should concentrate on the analysis of toxic and 
;arcinogenic agents in smoke-polluted environments. 

What Is Known 

1. SS is the aerosol that is freely emitted into the air from the 
imoldering tobacco products between puffs. 

2. ETS consists of diluted SS, exhaled MS, smoke that escapes 
rom the burning cone during puff-drawing, and vapor-phase com¬ 
ponents (such as carbon monoxide) that diffuse through cigarette 
iaper into the environment. However, secondary reactions can oc- 
:ur before a nonsmoker inhales ETS, such as aging, volatilization 
f nicotine, and adsorption of radon daughters on particles. 

3. Undiluted SS contains higher concentrations of some toxic 
impounds than undiluted MS, including ammonia, volatile 
imines, volatile nitrosamines, nicotine decomposition products, 
md aromatic amines. 

4. Conventional cigarette filter tips primarily influence the 
yield of MS, but have little impact on the yield of SS. Highly 



table 2-10 Concentrations of Toxic and Carcinogenic Agents in Cigarette Mainstream Si 
Environments 0 
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5. Radioactive decay products in tobacco itself, for instance, 
b-210 and Po-210, and short-lived radon daughters adsorbed on 
noke particles in indoor air can contribute to the carcinogenic 
otential of ETS. 

6. ETS in indoor environments is accompanied by pollutants, 

jch as nitrogen oxides and carbon monoxide, derived from other 
jurces, including cooking stoves and space heaters. ETS contains 
leasurable amounts of nicotine and other toxic agents, including 
arcinogens. The concentrations of toxic agents of ETS are gov- 
rned primarily by the amount of tobacco smoked, the degree of 
entilation, and the volatility of the agents. - 

7. Nicotine, found in MS primarily in the particulate phase, 
curs in ETS primarily in the vapor phase. Therefore, filters 

esigned to reduce particles in the air will not substantially alter 
fie nicotine concentration. 


What Scientific Information Is Missing 

1. We lack data on the presence and concentrations of toxic 
nd carcinogenic components in tobacco-smoke-polluted enclosed 
nvironments. 

2. The distributions of various agents in vapor and particu- 
ite phases of ETS are not well characterized. Further, the effect 
f air-cleaning systems on these distributions has not been stud- 
id. Distributions are important with respect to the carcinogenic 
otential of ETS. 

3. We need to examine the importance of the abundant release 
f amines into ETS. We lack analytic data on secondary reactions 
f amines in polluted air, such as iV-nitrosation and condensation 
nth other ETS components. 

4. The transfer of constituents other than nicotine from the 
'articulate phase of SS to the vapor phase of ETS could be impor- 
ant with respect to the retention of ETS in the respiratory tract 
>f nonsmokers. 

5. We do not know the extent to which nitrogen dioxide 
an contribute to endogenous nitrosation in nonsmokers as a con- 
tituent of the respiratory environment. Endogenous nitrosation 
eads to nitrosamines in exposed subjects. 


fers from MS in ways related to neaitn ana ineir relative toxicmes. 

7. We should analyze toxic and carcinogenic agents in smoke- 
polluted environments, especially enclosed natural environments, 
and their uptake by nonsmokers. 

8. Research should be conducted on interactions between ETS 
and radon daughters, especially as radon daughters can adhere to 
RSP, and can thereby enter the lung. 
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3 

In Vivo and In Vitro 
Assays to Assess the 
Health Effects of 
Environmental Tobacco Smoke 


INTRODU CTION 

Suitable methods for assessing the potential for adverse health 
effects resulting from exposure to environmental tobacco smoke 
(ETS) are limited by the complexity of the composition of the 
mixture. In vivo and in vitro assays are commonly used to establish 
carcinogenicity and in some cases to extrapolate risks to humans. 
For complex mixtures such as ETS, these assays may be done on 
the mixture itself or on individual chemical constituents. Many 
properties of ETS change as the smoke “ages” after its initial 
generation. Aging probably affects the bioavailability, as well as 
physicochemical characteristics, of the smoke. 

As inhalation is the primary route by which humans are ex¬ 
posed to tobacco smoke, it is obviously the preferred method 
of administration in animal models for evaluating the toxicologi¬ 
cal properties of both cigarette smoke and ETS. While extensive 
inhalation studies have been performed on the toxicological prop¬ 
erties of mainstream cigarette smoke (MS), far fewer studies have 
been performed on sidestream smoke (SS) and ETS. The selection 
of appropriate animal models requires familiarity with exposure 
systems, as well as with basic anatomical differences between the 
model and human respiratory tracts. 

Methods other than inhalation, such as in vitro assays, have 
been developed for the evaluation of MS. A few of these methods 
have been applied to the assessment of the relative toxicological 
properties of SS versus MS. These methods are frequently crit¬ 
icized because of differences in the way the smoke constituents 
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are presented to the test system as compared with that which oc¬ 
curs in the human situation. Despite these limitations, the use of 
cigarette smoke condensate (CSC) from MS has provided insight 
into the relative carcinogenic potential of various constituents in 
the MS of cigarettes. Similar studies using suitable condensates 
from SS and aged ETS could provide additional data on the effects 
of ETS. 

IN VIVO ASSAYS ON ENVIRONMENTAL 
TOBACCO SMOKE 

Exposure Methods in Laboratory Research 

Several methods are available to evaluate the potential health 
effects of inhaled pollutants. Some common ones are whole-body 
exposure, head-only exposure, nose- or mouth-only exposure, lung- 
only exposure, or partial-lung exposure. Since the primary objec¬ 
tive of an inhalation experiment is to determine the effects of the 
test substances or mixture on the respiratory system, it is prefer¬ 
able to eliminate or limit exposure through the skin or through 
ingestion (such as through contact with materials deposited on the 
fur or contaminated food and water). 

Three methods have been used to determine the amount of 
material deposited in the respiratory tract (Phalen, 1984): di¬ 
rect measurement, calculations using airborne concentrations and 
uptake models, and calibration of the exposure apparatus using 
tracer substances. Direct measurement requires analysis of major 
components and their metabolites in tissues as well as in urine 
and feces or measurement of the amounts of material in the in¬ 
spired and expired air. Aside from calculating dose based upon 
particle aerodynamic size and physiological data on lung function 
of experimental animals, tracers can provide reasonable estimates 
of exposure. 

Inhalation exposure chambers are used for those studies in 
which whole-body exposure is desired. The ability to expose a 
large number of animals at one time and the absence of a need 
to restrain or anesthetize the animals are among the advantages 
in using this approach. There are, however, several major disad¬ 
vantages. The animals are exposed through skin absorption and 
mouth ingestion and, in prolonged instances, by food and possi¬ 
bly water contamination. Animals tend to avoid exposure in such 



chambers by huddling together or covering their noses with their 
own fur. Losses of particulate aerosols to the interior walls of the 
chambers are also frequently a problem. 

Head-only exposure systems eliminate many of these prob¬ 
lems. The disadvantages of these systems are that the animal 
must be restrained and is stressed or anesthetized, and there is 
difficulty in forming an adequate seal. 

Nose- or mouth-only exposure systems further limit exposure 
to the oral cavity and the respiratory tract. Masks or the use 
of catheters in the nose are generally used with larger animals. 
Lung and partial-lung-only exposure systems such as endotracheal 
tubes are employed to bypass the upper respiratory tract and to 
directly expose the lung. Most of these methods require that the 
animal be anesthetized, which may alter normal respiration. Other 
disadvantages include disruption of normal airflow by the presence 
of tubes in the airways and the loss of normal humidification and 
thermal regulation of the inspired air caused by bypassing the 
upper respiratory tract. 

Intratracheal instillation is an alternative to inhalation for 
evaluating the effects of individual compounds on the respiratory 
system. While there are several advantages in employing this 
bioassay technique, it is also known that the distribution of test 
material to respiratory tissue may differ from that which would 
be obtained by actual inhalation exposures. Instillation of an 
aqueous suspension of radiolabeled particles resulted in a less 
uniform deposition than inhalation (Brain et al., 1976). 

Animal Models in Inhalation Studies 

The selection of an appropriate animal model for inhalation 
studies with potentially toxic agents is compounded by the fact 
that one of the major functions of the mammalian sensory ap¬ 
paratus is to limit the exposure to toxic agents either by alter¬ 
ing breathing or by producing avoidance behavior (Alarie, 1973; 
Wood, 1978). Also, the selection of animal species and strains for 
inhalation exposure studies requires thorough evaluation. The use 
of several (at least three) animal species, several dose levels, and 
animals that metabolize the suspect toxin in a similar manner to 
humans is recommended for those studies that attempt to evalu¬ 
ate human hazards (Stuart, 1976), The appropriate animal model 
should have (1) a similarity to the human respiratory tract with 




respect to anatomy, physiology, and susceptibility; (2) a life span 
appropriate for the proposed study; (3) a sensitivity to certain 
classes of toxic agents; (4) anatomical or physiological properties 
that could lead to increased precision in empirical measurements; 
(5) an existing data base; (6) a documented history of appropriate 
procedures; and (7) an adaptability for generating data that might 
be used for mathematically modeling the animal system and its 
responses to airborne particulates. 

Results of Inhalation Studies 

Inhalation studies on the carcinogenicity of MS have been per¬ 
formed on a variety of laboratory animals. The early studies with 
rodents have been previously reviewed (Wynder and Hoffmann, 
1967; Mohr and Resnik, 1978). More recent studies verify these 
findings for several animal species exposed to whole smoke or MS. 
A few studies have exposed mice to the vapor phase of fresh MS, 
and one (see below) exposed mice to the vapor phase of flue-cured 
MS. Because commonly utilized filter systems do not remove many 
of the vapor-phase constituents, studies contrasting the effects of 
exposure to whole smoke with the effects of exposure to the gas 
phase should throw some light on the possible health effects of 
ETS. 

Male and female C57B1 mice (100 in each group) were ex¬ 
posed nose only for 12 minutes daily to the gas phase of smoke of 
cigarettes prepared from flue-cured tobaccos (Harris et al., 1974). 
The treated mice had lung tumors and emphysema, independent 
of the tumors, which were not found in control mice. 

A total of 219 C57B1 and 186 BLH mice were exposed to the 
gas phase of cigarette MS. The particulate matter was removed 
by passing the smoke through a Cambridge filter. The animals 
were exposed to the gas phase of 12 cigarettes for 90 minutes 
daily over 27 months. The percentages of mice with lung adeno¬ 
mas were 5.5% and 32% in the smoke-exposed C57B1 and BLH 
mice, as compared with 3.4% and 22% for their respective controls 
(Otto and Elmenhorst, 1967). Therefore, it appears that there are 
carcinogenic constituents in the vapor phase of the smoke. 

Using Snell’s mice, similar studies evaluated the toxicological 
properties of whole MS and the gas phase of MS. In these stud¬ 
ies, the animals were housed in individual chambers during the 
exposure (Leuchtenberger and Leuchtenberger, 1970). There was 



Alternative methods have been used to assess the relative 
chronic toxicity of cigarette MS in an attempt to reduce the cost 
and technical difficulties associated with inhalation experiments. 
The most common approach has been to use the CSC in bioassay 
procedures. In preparing the condensate, many of the volatile and 
semivolatile components are lost. In addition, it is not known 
how the aging of the CSC may affect chemical composition and 
biological activity. 

To date, only one study has examined the carcinogenic po¬ 
tential of the condensate of SS of cigarettes (Wynder and Hoff¬ 
mann, 1967; International Agency for Research on Cancer, 1986). 
Cigarette “tar” from the SS of nonfilter cigarettes, which had set¬ 
tled on the funnel covering a multiple-unit smoking machine, was 
suspended in acetone and applied to mouse skin for 15 months. 
Fourteen of 30 Swiss-ICR mice developed benign skin tumors, and 
3 had carcinomas. In a parallel assay of MS from the same source, 
a 50% CSC:acetone suspension applied to deliver a comparable 
dose of CSC to 100 Swiss-ICR female mice led to benign skin tu¬ 
mors in 24 mice and malignant skin tumors in 6. This indicates 
that the smoke condensate of SS has greater tumorigenicity per 
equivalent dose on mouse skin than MS “tar” (p < 0.05; Wynder 
and Hoffmann, 1967). 

IN VITRO ASSAYS ON 
ENVIRONMENTAL TOBACCO SMOKE 

Several short-term bioassays have been performed to evaluate 
the genotoxicity of cigarette MS. These studies have been the 
subject of two recent reviews (DeMarini, 1981; Obe et al., 1984). 
While most of them have evaluated the effects of CSC, some have 
attempted to evaluate either the gas phase or the whole smoke. 



The most commonly employed assay for mutagenic activity 
employs various strains of Salmonella typhimurium. Whole smoke 
as well as CSC from four types of tobacco were found to be mu¬ 
tagenic in S. typhimurium TA1538 (Basrur et al., 1977). Recent 
studies have shown that SS is also mutagenic in a system where 
the smoke was tested directly on the bacterial plates (Ong et al., 
1984). They support extensive assays performed on CSC that in¬ 
dicate that tobacco smoke has significant mutagenic potential and 
show that the particulate matter of SS is likely to be a significant 
contributor to the mutagenic activity of indoor air particulate mat¬ 
ter (Bos et al., 1983; Lofroth et al., 1983). Thus, similar mutagenic 
activity for the CSC of SS would be expected. 

In another study (Lewtas et al., in press), condensate from air 
polluted with ETS for 10 hours was used in an assay employing 
S. typhimurium. The average indoor air mutagenicity per cubic 
meter was significantly correlated with the number of cigarettes 
smoked. 

Another in vitro assay measures the number of sister-chroma¬ 
tid exchanges (SCEs) in human lymphocytes. Valadand-Barrieu 
and Izard (1979) used a solution of the gas phase from cigarette 
MS. They showed that this solution induced a significant dose- 
related increase in SCEs. 

SUMMARY AND RECOMMENDATIONS 

Sufficient data are not available to assess the relative genotox- 
icity and toxicity of whole ETS. A few isolated reports have dealt 
with the genotoxicity of SS and ETS, and the relative toxicity of 
MS and SS. In order to evaluate ETS, it is suggested that in vitro 
genotoxicity assays in at least two systems should be done with 
ETS per se as well as with its particulate matter. These assays 
under controlled and, subsequently, under field conditions should 
not be limited to freshly generated ETS, but should also attempt 
to determine effects of various degrees of air dilution and aging. 
In a comprehensive analytical approach, data should be generated 
to determine systematically the concentrations of toxic and tu- 
morigenic agents in various milieus with ETS. At the same time, 
it may be useful to examine the uptake of tobacco-specific agents 
as well as the mutagenicity of the urine of nonsmokers exposed to 
ETS. All of these measures should be considered in the context of 
detailed exposure histories. 



are simuar. uespite tne limitations 01 extrapolating trom various 
bioassays to man, the use of CSC from MS has provided insight 
as to the contribution of various components to the carcinogenic 
potential of MS from cigarettes. 

4. In the only study reported to date using SS condensate, SS 
condensate was shown to be more carcinogenic than MS conden¬ 
sate. 


What Scientific Information Is Missing 

1. Only a few laboratory methods have been applied toward 
the assessment of the relative toxicological and genotoxic prop¬ 
erties of SS generated from cigarettes and, more importantly, of 
ETS. Research is needed to clarify the appropriate methods for es¬ 
timating genotoxicity and to isolate and identify the active agents 
in body fluids of ETS-exposed nonsmokers. 

2. Comparative inhalation studies with MS, SS, and ETS are 
still needed. Such assays, while not duplicating human exposure 
patterns, would provide more definitive information about the 
relative carcinogenic potential of SS in comparison to the MS of 
the same cigarettes. 

3. The aging of the atmosphere in which ETS occurs can have 
a profound effect on its chemical composition, physical charac¬ 
teristics, and overall biological effects. Therefore, studies of aged 
ETS are needed. 

4. Where exposure histories can be specified clearly, valida¬ 
tion and quantitative determination of genotoxic markers for sub¬ 
stances in ETS that also occur in the environment would be of 
value for measuring dose of ETS. 

5. In examining the effects of MS, many research workers have 
used condensates of the smoke painted on the shaved skin of mice. 
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ASSESSING EXPOSURES TO 
ENVIRONMENTAL TOBACCO 
SMOKE 




4 

Introduction 


Exposure to a variety of air contaminants has been shown 
to produce adverse health and discomfort responses in humans. 
In another report from the National Academy of Sciences (NRC, 
1985), the methodological issues of studying exposures to air pol¬ 
lutants and subsequent health effects are discussed in detail. This 
part of the report considers issues relevant to assessing exposure 
to ETS. Ideally, evidence for health effects in humans should be 
demonstrated in epidemiologic studies that are consistent with a 
plausible hypothesis across a range of exposures or doses. However, 
many epidemiologic studies have substantial uncertainties associ¬ 
ated with exposure variables. A framework for assessing exposures 
to environmental tobacco smoke (ETS) is discussed below. A va¬ 
riety of approaches to current and historic exposures to ETS, such 
as personal monitoring, locational monitoring, questionnaires, and 
biologic monitoring, are presented. 

Concentrations of air contaminants exhibit pronounced spa¬ 
tial and temporal variations, regardless of the microenvironments 
in which they are found (outdoors, residential, industrial, etc.). 
Ideally, identifying the air contaminant or class of contaminants 
implicated in producing adverse health or comfort effects is essen¬ 
tial in designing an air-monitoring program. In practice, however, 
it is often necessary to monitor a class of contaminants (for in¬ 
stance, total mass of respirable particles) or a proxy contaminant 
(for instance, nicotine), when the specific air contaminant produc¬ 
ing the adverse impact can not be identified or easily measured. 
The air contaminants associated with ETS are comprised of a 
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ganic chemicals noted in Chapter 2, some of which can undergo 
pronounced physicochemical changes. Assessing impact on human 
health and comfort requires the identification of proxy air contam¬ 
inants for ETS that will permit a determination of exposure in a 
background of contaminants from other sources (see Chapter 5). 

In epidemiologic studies of air contaminants, it is important 
to specify exposure to specific particulates or gases on a time scale 
corresponding to the health or comfort effect sought. The impact 
of exposure to an air contaminant should, ideally, be evaluated in 
terms of the biologic dose of the contaminant or its metabolites 
received by the target tissue. In most cases, this is not practi¬ 
cal. The uptake, distribution, metabolism, and site and mode of 
action of the contaminant in humans is neither well understood 
nor easily measured. Moreover, dose cannot be directly assessed. 
Factors affecting the uptake of air contaminants include physical 
characteristics of the contaminant, as well as physiological char¬ 
acteristics and activity levels of the exposed person (see Chapter 
7). In the absence of an ability to measure or specify the dose of 
a contaminant received, exposures to air contaminant(s) are as¬ 
sessed by either using biological markers, measured in the subject 
population, or by measuring the air-contaminant concentrations 
in the physical environment (Figure 4-1). 

Exposures to airborne contaminants can be assessed by three 
basic approaches (Figure 4-1): 

• personal air-contaminant monitoring, 

• modeling, based on air sampling, time-activity patterns, 
and questionnaires, and 

• biological markers. 

Personal monitoring employs samplers (worn by subjects) that 
record the integrated concentration individuals are exposed to in 
the course of their normal activity for time periods of several hours 
to several days (see Chapter 5). 

The modeling approach employs the use of stationary moni¬ 
tors to measure the air-contaminant concentrations in a number of 
microenvironments. These measured concentrations are combined 
with time activity patterns (time budgets) to determine the aver¬ 
age exposure of an individual as the sum of the concentrations in 
each environment weighed by the time spent in that environment. 



FIGURE 4-1 Flow diagram of components for assessing human exposures 
to air contaminants from environmental tobacco smoke. 


Questionnaires are employed in two capacities: (1) to provide in¬ 
formation on the physical properties of each environment, includ¬ 
ing source use parameters, in order to model the concentration of 
air contaminants in the microenvironment, thus permitting a pre¬ 
diction of air-contaminant concentrations in spaces not monitored; 
and (2) to provide a simple categorization of exposure levels, such 
as exposed versus unexposed or none versus low versus high. 

Questionnaires have been used to categorize subjects’ expo¬ 
sure to ETS in all studies of risk of chronic lung disease reported to 
date. Chapter 6 discusses the use of questionnaires to categorize 
ETS exposures. 

Chapter 7 reviews assumptions required to estimate exposure- 
dose relationships for ETS and gives an approximation to the dose 
received under a specific situation. 


Chapter 8 examines the use of biological markers, such as 
urinary cotinine, as indices of exposure to ETS. 

There are several factors (Figure 4-1) that determine the com¬ 
position and level of ETS air contaminants in the indoor environ¬ 
ments. Determining the range of values for each of these factors 
will lead to an understanding of their impact on ETS exposures. 
Efforts to modify or eliminate exposures to ETS must focus on 
the factors that control the concentrations in the physical environ¬ 
ment, since these factors result in the exposure that relates to the 
adverse health or comfort effect. 
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Assessing Exposures to 
Environmental Tobacco Smoke 
in the External Environment 


Environmental tobacco smoke (ETS) is composed of more 
i 3,800 compounds. The emitted compounds are found in 
or or particulate phases, or in some cases both. Volatile mate- 
may evaporate from particles within seconds to minutes after 
ssion (e.g., nicotine, see Chapter 2). ETS has not yet been 
^uately characterized such that its chemical and physical na- 
i can be clearly defined. The concentration of any individual 
roup of ETS constituents in an enclosed space is a function of: 
the generation rate of the contaminant(s) from the tobacco, 
the source consumption rate, (c) the ventilation or infiltra- 
i rate, (d) the concentration of the contaminant(s) of interest 
he ventilation or infiltration air, (e) the degree to which the 
is mixed, (f) the removal of the contaminant(s) by surfaces 
:hemical transformations, and (g) the effectiveness of any air- 
ming devices that may be in use. Exposure to ETS takes place 
nany settings—such as public, industrial, nonindustrial occu- 
ional, and residential buildings—and is a function of the time 
ndividual spends in a microenvironment and the concentration 
he ETS constituents in that environment. ETS exposures can 
determined either by extrapolation from fixed-location moni- 
ng survey instruments that are portable or by direct personal 
nitoring, using lightweight pumps and filters worn by subjects. 
This chapter will consider the methodology and data available 
assessing human exposures to ETS in the physical (external) 
ironment, including the suitability of proposed tracers or proxy 
contaminants that would be representative of ETS, available 
a on ETS exposure from personal monitoring and monitoring of 


maoor environments, ana tne application oi moaenng to assessing 
ETS exposures. 

TRACERS FOR ENVIRONMENTAL 
TOBACCO SMOKE 

It is difficult to assess the ETS contribution to exposures 
because it usually exists in a complex mix of air contaminants 
from other sources. It is not practical, or possible, to monitor the 
full range of air contaminants associated with ETS, even under 
laboratory conditions. Chamber and field studies of ETS have 
monitored proxy contaminants as indicators of ETS. Most studies 
to date have been less than ideal because the component that was 
measured did not meet all the following criteria for an ETS tracer. 
A marker or tracer for quantifying ETS concentrations should be: 

• unique or nearly unique to the tobacco smoke so that other 
sources are minor in comparison, 

• a constituent of the tobacco smoke present in sufficient 
quantity such that concentrations of it can be easily detected in 
air, even at low smoking rates, 

• similar in emission rates for a variety of tobacco products, 

and 

• in a fairly consistent ratio to the individual contaminant 
of interest or category of contaminants of interest (e.g., suspended 
particulates) under a range of environmental conditions encoun¬ 
tered and for a variety of tobacco products. 

While a variety of measures have been used as proxies or 
tracers of ETS, no single measure has met all the criteria out¬ 
lined above, nor has any measure been universally accepted or 
recognized as representing ETS exposure. 

Carbon monoxide (CO) has been measured extensively both 
in chamber studies (Bridge and Corn, 1972; Hoegg, 1972; Penkala 
and De Oliveira, 1975; Weber et al., 1976, 1979a,b; Weber and 
Fisher 1980; Weber, 1984; Muramatsu et ah, 1983; Leaderer et 
ah, 1984; Winneke et ah, 1984; Clausen, et ah, 1985) and in oc¬ 
cupied public and nonindustrial occupational indoor spaces (see 
Table 2-4) to represent ETS levels. Under steady-state conditions 
in chamber studies, where outdoor CO levels are known and the 
tobacco brands and smoking protocols constant, CO can be a rea¬ 
sonably reproducible indicator of ETS exposure. The variability 



l vary considerably as a function of a number of variables (puff 
me, puff duration, temperature, etc.). The ratio of CO, a 
reactive contaminant, to the more reactive gas-phase contam- 
ats in ETS and to reactive suspended particulate mass is not 
I established, particularly in the dynamic phase of smoking, 
is, the non-steady-state phase. Chamber and field studies 
e indicated that, under realistic smoking conditions that would 
ncountered in residences or offices, the typical smoking and 
tilation rates would produce CO levels well within the levels 
erved in the outdoor air or in the indoor air generated from 
indoor sources, such as kerosene heater, gas stove, etc. Con- 
nently, it is difficult to factor out the contribution of CO from 
in any specific, uncontrolled situation. In areas where heavy 
iking is experienced, and where other sources of CO do not 
it, CO may provide a rough measure of ETS exposure because 
CO produced by the tobacco combustion will dominate. 

Both chamber and field studies (Table 5-1) have demonstrated 
t tobacco combustion has a major impact on the mass of sus- 
ded particulate matter in occupied spaces in the size range 
5 /xm, defined in this report as respirable suspended particu- 
!S (RSP). Suspended particulate mass is a major component of 
ironmentally emitted tobacco smoke. Even under conditions 
low smoking rates, easily measurable increases in RSP have 
n recorded above background levels (Table 5-1). The term 
P, however, encompasses a broad range of particulates of vary- 
chemical composition and size emanating from a number of 
rces (outdoors, cooking indoors, etc). 

Smoking is not the only source of particulate matter sus- 
tded in the indoor air. The apportionment of the measured 
P to tobacco combustion in an occupied space will not be ac- 
ate unless the RSP emission rates for a variety of brands of 
acco are similar under a variety of conditions and source use 
irmation is obtained. The variability of RSP emissions into 
environment for a variety of brands of tobacco needs to be 
estigated, as does the relationship between the vapor and par- 
rlate phases of tobacco-combustion emissions under a variety of 
dronmental conditions, such as different humidities, and under 
ariety of smoking conditions, such as subject smokers versus 
king machines. 


table 5-1 Particulate Levels Measured in Indoor Environments, Including Smoking and Nonsmoking Occupancy 
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RSP = Respirable suspended particles 

S = Smokers 

T = Total occupants 

TSP = Total suspended particles 

restr. = building with smoking restrictions 



Nicotine exhibits many of the properties necessary to serve 
as a potential marker for ETS. It is unique to tobacco smoke, is 
a major constituent of the smoke, and occurs in environmental 
concentrations that are easily measurable. It has been used as a 
marker for ETS in several studies (Table 2-5). The major problems 
with using nicotine are: (a) the ratio of nicotine [recently found 
to be in vapor phase in ETS (Eudy et al., 1985)] to other ETS 
constituents (RSP, in particular) for a variety of brands of tobacco 
is not known, (b) the reactivity rate (removal rate) of nicotine 
relative to other ETS constituents is not known, (c) particulate- 
or vapor-phase nicotine once deposited on surfaces may be re¬ 
emitted, and (d) until recently sampling methods for nicotine 
have not been efficient in collecting total nicotine (both vapor and 
particulate phase). Two new air-sampling methods for nicotine 
(Muramatsu et al., 1984; Hammond et al., in press) hold promise 
for obtaining total nicotine concentrations with the sensitivity and 
accuracy required for environmental air monitoring. 

A number of aromatic hydrocarbons (benzene, toluene, benzo- 
[a]pyrene, pyrene, etc.) have been measured in field studies 
(Galuskinova, 1964; Just et al., 1972; Perry, 1973; Elliot and Rowe, 
1975; Badre et al., 1978) investigating the impact of smoking on 
indoor air quality. Many of these air contaminants have other 
important sources, indoors and outdoors, that make measured 
levels difficult to interpret. Therefore, the aromatic hydrocarbons 
generally are poor indicators of ETS alone. Controlled chamber 
studies that elevate the variability of emission of the compounds 
from a variety of brands of tobacco have not been carried out, and 
the ratios of these compounds to categories of ETS contaminants 
(for instance, RSP) have not been established. 

Tobacco-specific nitrosamines and nitrogen oxides (Tables 2-6 
and 2-9), acrolein and acetone (Tables 2-7 and 2-8), and polonium- 
210 have been measured as indicators of ETS. The low environ¬ 
mental concentrations, existence of other sources, reactivity of the 
tracer contaminants, and lack of data on the ratios of these con¬ 
taminants to ETS contaminants for a variety of brands of tobacco 
limit their usefulness as indicators of ETS in indoor spaces. 

Research efforts need to be directed toward identifying a tracer 
or proxy air contaminant for ETS that meets the four criteria out¬ 
lined above. At present, RSP is widely used as a general measure 
of ETS exposure indoors, particularly if the measurements are 
limited to locations where the levels of RSP from other sources 



variability ot RSP emissions ior a number ot brands ot cigarettes, 
however, has yet to be evaluated. 

PERSONAL MONITORING 

Measurements of concentrations of air contaminants in the 
immediate breathing zone of an individual provide information 
on personal exposure. Personal monitoring can be accomplished 
with active samplers that integrate concentrations across a va¬ 
riety of locations or conditions using filters or vapor traps with 
subsequent laboratory analysis. Continuous portable monitoring 
instruments are available but have not been widely used. Particles 
are measured by light-scattering principles or frequency change 
as mass is deposited on a vibrating quartz crystal. For the most 
part, gases are measured using IR absorption or electrochemical 
reactions. Continuous-recording instruments have been utilized 
more for characterizing microenvironments than for direct mea¬ 
surements of personal exposures. Passive personal monitoring 
utilizes diffusion and permeation to concentrate gases on a collec¬ 
tion medium for subsequent laboratory analysis. Both active and 
passive monitors have been employed in assessing an individual’s 
total exposure to individual or general categories of air contam¬ 
inants. A discussion of the type, application, and usefulness of 
passive monitors to assess air contaminant exposures can be found 
in Elliott and Rowe (1975) and Wallace and Ott (1982). 

A relatively small number of studies have utilized personal 
monitors to determine total exposures to ETS (Muramatsu et 
al., 1984; Schenker et al., 1984; Sexton et ah, 1984; Spengler 
et ah, 1985; Hammond et ah, in press). In one study (Spengler 
et ah, 1985) indoor (residential), outdoor, and personal 24-hour 
concentrations of RSP (measured in this study as particles with 
a 50% cut point of 3.5 /mn) were obtained for a sample of 101 
nonsmoking individuals living in Roane County, Tennessee. In the 
sample, 28 of those monitored reported some exposure to ETS in 
either the home or workplace (nonindustrial), while 73 reported no 
such exposure. Each participant was sampled on 3 nonconsecutive 
days. Personal exposures to respirable particles for the subgroup 
exposed to ETS and the subgroup not exposed to ETS are shown 
in Figure 5-1. Personal exposures to RSP were dominated by 
indoor levels of ETS. Those reporting passive smoke exposure had 
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RESPIRABLE PARTICULATE CONCENTRATION (/xg/m3) 

FIGURE 5-1 Cumulative frequency distributions of RSP concentrations 
from central site ambient and personal monitoring of smoke-exposed and 
nonsmoke-exposed individuals. Reprinted with permission from Spengler et 
al. (1985). 


mean personal respirable particulate levels 28 /tg/m 3 higher than 
those without passive smoke exposure. Particulate levels for those 
exposed to ETS showed a large variation, with approximately 25% 
of the personal samples having RSP levels in excess of the EPA 
ambient standard for outdoor total suspended particles. The EPA 
standard, however, includes particles up to approximately 50 /xm 
and does not specify chemical composition. A direct comparison 
with the EPA standard requires a consideration of average time 
exposed as well as concentration. 

Sexton et al. (1984) conducted 24-hour personal monitoring 
for RSP for 48 nonsmoking individuals for 24 different residences. 
Samples were collected every other day, for a 2-week period, during 
a heating season in Vermont. Those individuals reporting exposure 
to ETS for more than 2 hours per day had RSP levels 18.4 /xg/m 3 
higher than those who reported no exposure (50.1 /xg/m 3 versus 
31.7/xg/m 3 ). 

In demonstrating a new method for the collection and analy¬ 
sis of nicotine in air, one study (Muramatsu et al., 1984) obtained 
personal-monitoring samples of nicotine for one nonsmoker in 53 
nonindustrial indoor microenvironments, including offices, houses, 
restaurants, cars, buses, etc. The samples were collected over a 
1-hour to 8-hour time period in each space and were specific for 




ficult to interpret these results in terms of an integrated exposure 
for a large segment of the population, since the sampling scheme 
did not explicitly provide population estimates of exposure—that 
is, personal samples were obtained on a microenvironment basis 
for only one individual. Lacking good data for the ratio of total 
nicotine to RSP in ETS, it is difficult to estimate the RSP exposure 
levels. The data, however, do demonstrate that the variability of 
nicotine concentrations and the occurrence of high concentrations 
of other ETS components can be found in various microenviron¬ 
ments. 

In an epidemiologic study of the health effects of diesel ex¬ 
haust on railroad workers (Schenker et al., 1984), which included 
a control group of railroad office workers who were not exposed to 
diesel exhaust but were exposed to ETS, ETS was recognized as 
an important component of the respirable particulate exposures. 
Hammond et al. (in press) used a newly developed air-sampling 
and analytical method for measuring total nicotine in collected 
RSP personal samples to determine the contribution of ETS to 
the RSP levels measured. Their results indicated that the major 
portion of the office workers’ RSP exposure is due to ETS. Ratios 
of nicotine to RSP for a variety of brands of tobacco need to be 
established before absolute ETS exposures can be assessed. 

Personal monitoring can provide a useful measure of an indi¬ 
vidual’s exposure to an air contaminant or class of contaminants 
over a period of several hours to several days. The usefulness of 
personal monitors for assessing ETS exposure would be greatly 
enhanced if the personal monitor were passive in nature and in¬ 
expensive. Personal and portable monitors, however, need to be 
evaluated to determine their usefulness in establishing ETS ex¬ 
posures associated with long-term adverse health outcomes, such 
as cancer. They may be useful in establishing ETS exposures, in 
a background of confounding air contaminants, associated with 
short-term effects. 

A variety of sample collection and analysis methods has been 
used to monitor individual constituents and categories of contam¬ 
inants found in ETS for both personal monitoring and air mon¬ 
itoring of spaces. While this report does not offer a review and 
evaluation of the monitoring methods that have been employed 
and are available, it should be clearly noted that the specificity 
and sensitivity of the measurement method must be evaluated to 


ss the uncertainties in the measured concentrations. The con- 
lents of ETS will exhibit a pronounced spatial and temporal 
ribution in an indoor space and among indoor environments, 
to variations in smoking rates and building characteristics, 
iterpreting measured concentrations of ETS constituents, one 
,t recognize the potential for pronounced spatial and temporal 
ations. 


CONCENTRATIONS OF 
ENVIRONMENTAL TOBACCO SMOKE 
IN INDOOR ENVIRONMENTS 

Various Environmental Tobacco Smoke Constituents 

There is a sizable body of literature reporting on measure- 
its of various constituents (acrolein, aromatic hydrocarbons, 
Don monoxide, nicotine, etc.) of ETS in a variety of microen- 
inments. These studies have reported a wide range of con- 
brations of ETS-related air contaminants under conditions of 
mal space use (Tables 2-4 to 2-9). However, the majority of the 
isurements are of very limited use in assessing actual human 
osures to ETS for a large segment of the population for the 
awing reasons: 

• the representativeness of the air contaminant measured to 
total ETS in the space is unknown; 

• the proxy air contaminant measured may have a variety of 
er potential sources that were not accounted or controlled for; 

• data were not collected on smoking rates or numbers of 
akers; and 

• important building characteristics such as infiltration or 
ume were not recorded. 

lile these studies have indicated the range of concentrations of 
ral ETS-related air contaminants that can be found indoors, 
y do not provide a sufficient basis on which ETS indoor expo- 
estimates can be made. 

Particulate Levels and Smoking Occupancy 

The most extensive and suitable data base for modeling ETS 
he RSP (<2.5 pm) associated with ETS. This RSP comprises 
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FIGURE 5-2 Monthly mean RSP concentrations in six U.S. cities. Re¬ 
printed with permission from Spengler (1981). 


a major general category of ETS contaminants and is produced in 
concentrations that are easily measured in occupied spaces where 
smoking occurs. 

In a survey of more than 80 homes in six U.S. cities (Spengler 
et al., 1981), 24-hour gravimetric samples of RSP were collected 
every sixth day for up to 2 years in stationary samplers in each 
home and outdoors. The resulting data (monthly RSP means) 
aggregated by the number of smokers are shown in Table 5-1 and 
Figure 5-2. Homes without smokers exhibited RSP levels roughly 
equal to outdoor levels and followed outdoor trends. The presence 
of just one smoker in a home had a pronounced impact on RSP 
levels. Using regression analysis, the authors estimated that the 
impact on overall average RSP levels in a residence of a pack-per- 
day smoker was approximately 20 /xg/m 3 . The impact of smoking 
in a home with central air conditioning was effectively doubled, 
presumably due to reduced air exchange. 

Table 5-1 presents the range of RSP levels measured in a 
variety of indoor microenvironments for smoking and nonsmok¬ 
ing occupancies. It also indicates whether direct measures of the 
variables necessary for the model outlined in Equation 5-1 below, 
or necessary to explain the RSP levels measured, were recorded. 
These variables include, among others, ventilation, mixing, re¬ 
moval by surfaces, and smoking occupancy. Outdoor levels of 



RSP or total suspended particulates are generally lower than or 
equal to indoor levels in homes without smoking. 

Smoking occupancy is strongly associated with elevated levels 
of RSP in a variety of indoor microenvironments at levels well 
above outdoor concentrations and indoor concentrations where 
there is nonsmoking occupancy. However, few studies have directly 
recorded the data on the parameters that are necessary to validate 
models for predicting RSP levels due to smoking occupancy (see 
section below). Even so, using a number of assumptions, data in 
Table 5-1 have been used for model validation by some studies 
(Repace and Lowrey, 1980, 1982). 

MODELING 

The process of assessing exposure and attributing it to vari¬ 
ous microenvironments requires knowledge of the time individuals 
spend in such microenvironments and the typical air-contaminant 
levels (average and peak) occurring in them. The nature of the 
health or comfort effect under study determines the time-average 
concentration of concern. A number of microenvironments have 
been identified (Moschandreas, 1981), and time-budget surveys 
have shown that most individuals spend more than 90% of their 
time indoors, that is, in residential, industrial, and nonindustrial 
occupational environments (Szalai, 1972). The indoor residential 
and nonindustrial occupational environments represent the major 
microenvironments in which exposure to ETS takes place. 

Tobacco combustion is a major source category that affects 
the quality of the air indoors. The air-contaminant concentra¬ 
tions in an enclosed space resulting from tobacco combustion, 
and hence human exposures, are the result of a complex interac¬ 
tion of several interrelated variables (Figure 4-1), including source 
air-contaminant emission characteristics and source use, building 
characteristics, infiltration or ventilation rates, air mixing, loss 
terms (removal by surfaces or chemical transformations), and the 
efficiency of air-cleaning equipment. The interaction of these vari¬ 
ables in determining the resultant indoor concentrations of ETS 
has typically been evaluated in both controlled laboratory (cham¬ 
ber and test house) studies and field studies within the theoretical 
framework of the general mass-balance equation (Turk, 1963; Shair 
and Heitner, 1974; Esmen, 1978; Ishizu, 1980; Repace and Lowrey, 
1980; Leaderer et al., 1984). 



The mass-balance equation may be applied to tobacco smoke 
as either an equilibrium model (time-independent) or a dynamic 
model (time-dependent). Equilibrium models rely on the assump¬ 
tion that many of the input parameters—such as source rates, 
removal or loss rates, and ventilation rates—are constant, even 
though these parameters in actuality may vary considerably in 
time. These models are useful in developing air-contaminant emis¬ 
sion factors for ETS in controlled laboratory studies and in as¬ 
sessing long-term average exposures in given indoor microenviron¬ 
ments. Dynamic models are usually more flexible than equilibrium 
models and can provide information on short-term concentrations. 
They may be used to compare the sensitivity of results to varia¬ 
tions of input parameters. Equilibrium models, when applied to 
held studies of ETS, require average information on the impact 
variables, while dynamic models require a great amount of de¬ 
tailed information obtained as a function of time. Dynamic and 
equilibrium models are useful in laboratory studies; equilibrium 
models are best suited to evaluating and predicting ETS concen¬ 
trations in field studies, particularly when average concentrations 
over a period of days or longer are of interest. 


Equilibrium Models for RSP 

Laboratory and field studies typically utilize some form of 
a single-compartment equilibrium model to evaluate the input 
parameters to the mass-balance equation, to evaluate field-study 
data, and to project RSP concentrations from ETS indoors. These 
studies have reduced the general single-compartment mass-balance 
equation to the following simplified form. 




G 

m(n„ + n,)V' 


(5-1) 


where C eg is the equilibrium concentration of RSP in a space 
expressed as micrograms per cubic meter (/Ltg/m 3 ) due to ETS, 
G is the RSP generation rate from tobacco combustion into the 
space in micrograms per hour (/^g/hour), n„ is the ventilation or 
filtration rate in air changes per hour (ac/i), n, is the loss rate of 
RSP due to surface removal in a space in air changes per hour, 
V is the volume of the space in cubic meters (m 3 ), and m is the 
mixing rate expressed as a fraction. The above model assumes no 
air-cleaning devices, either in the space or recirculated air. 



Under laboratory conditions, the input parameters can be 
ntrolled and evaluated. In conducting field studies or in esti- 
ting past RSP levels indoors, the values on the right side of 
juation 5-2 have to be determined from available data. It should 
! emphasized that this equation assumes equilibrium conditions, 
id, to the extent that any of the generation or removal terms 
e intermittent (e.g., smoking rate) or variable (e.g., ventilation 
te), errors are introduced. 

eneration Rate 

The generation rate of RSP for ETS is a function of the number 
cigarettes smoked and the emission rate of RSP per cigarette. 
!W studies have investigated the RSP emission rate for SS plus 
haled MS, i.e., contributions to ETS. One recent study (Rick- 
t et al., 1984) examined sidestream and mainstream emissions 
tar, nicotine, and carbon monoxide in 15 brands of Canadian 
arettes with a range of advertised mainstream tar deliveries 
i.7 to 17.0 mg tar/cigarette). The experiments utilized a single- 
srt smoking machine and collected mainstream emissions and 
destream emissions, from a small chamber, onto Cambridge fil- 
rs. The subsequently measured sidestream emissions of tar were 
und to average 24.1 mg/cigarette with a range of 15.8 to 36.0 
g/cigarette. These emissions were independent of mainstream 
nissions, which averaged 11.4 mg of tar per cigarette with a range 
' 2.5 to 19.4 mg/cigarette. Sidestream emissions were higher for 
mtilated brands. 

RSP emission rates were developed for 10 brands of U.S. 
garettes with rated tar deliveries from 1.0 to 23.0 mg and for one 
andard cigarette (University of Kentucky #1R3F). The study 
i.P. Leaderer, S.K. Hammond, and T. Tosun, personal commu- 
cation) utilized a 34-m 3 chamber in which the cigarettes were 
noked by occupants at a prescribed rate in an effort to create 
alistic environmental conditions. RSP measurements were made 
rer a 4-hour period during equilibrium conditions via collection 
: well-mixed room air on filters with subsequent gravimetric anal- 
sis. RSP emission levels were found to range from 18.0 to 35.4 
ig/cigarette, with an average of 26.9 ± 4.8 mg/cigarette. 

Three brands of British cigarettes (very low tar, 1.5 mg; low 
ir, 12 mg; and medium tar, 18 mg) were evaluated for both 
lainstream and sidestream emissions of tar (U.K. Government, 


utilized a small test chamber and a smoking machine. 1 he emission 
by-products were collected onto Cambridge filters. 

Only one study (Hoegg, 1972) reports mainstream and side- 
stream RSP levels for cigarettes prior to 1970. This test chamber 
study reported a sidestream particle emission rate of 25.8 mg/cig¬ 
arette and mainstream particle emission rate of 36.2 mg/cigarette 
for one brand of cigarette. 

Current data would suggest an overall RSP emission rate from 
ETS in the range of approximately 20 to 36 mg tar/cigarette. 
An accurate estimate of an average emission rate for modeling 
purposes requires the weighing of the above emission data by the 
sales-weighted average cigarette brand sold. Data are not available 
to estimate the historical trend, if any, in the RSP emissions for 
ETS. 

Equation 5-1 assumes a constant, or near constant, source 
emitting over a sufficiently long time period to reach and maintain 
equilibrium conditions. In controlled experiments a constant rate 
of tobacco combustion is easily obtained. In practice, however, 
tobacco combustion rates in terms of numbers of cigarettes con¬ 
sumed over some period of time in different indoor environments is 
variable. In the absence of detailed data on cigarette consumption 
in a space, such as number of cigarettes smoked, time smoked, to¬ 
tal weight of tobacco consumed, etc., estimates are required. For 
example, one smoker in a household smoking at a national average 
rate of two cigarettes/hour and 10 minutes/cigarette constitutes 
an intermittent source [<7(i)di]. A continuous source would be 
the smoking of six cigarettes/hour. Using a 26-mg/cigarette emis¬ 
sion rate, the estimated total RSP emissions from the intermittent 
source, i.e., 52 mg/hour, would be represented as being emitted 
uniformly over a 1-hour period for the full averaging time consid¬ 
ered. In large occupied spaces where smoking is permitted, such as 
nonindustrial occupational environments, estimates (Bridge and 
Corn, 1972; Jaffe, 1978; Repace and Lowrey, 1980) would indicate 
that, at any given time, 11% of the population would be smoking 
(one-third of the U.S. population are smokers, who are smoking 
at the rate of two cigarettes/hour and 10 minutes/cigarette). This 
would constitute a continous source. In practice, the smoking rate 
is probably highly variable in time. The RSP emissions from this 



itions in Equation 5-1, G = NE, where N is equal to the 
aer of cigarettes consumed per hour in a space and E is the 
Der of milligrams of RSP emitted into the environment per 
ette. The assumption of a continuous source introduces errors 
e estimated RSP concentration. 

't is also important to note that the equilibrium model assumes 
the source will be emitting contaminants over a sufficiently 
period of time to achieve balance with the removal mecha- 
s (ventilation, removal by surfaces, and air cleaning). If C t is 
oncentration at time t (in hours) then: 

0 , t = C', 9 (l-e- w ), (5-2) 

e C eq is the equilibrium concentration and N is the effective 
>val rate (N = n„ + n t ). If the total impact of the removal 
i.e., ventilation plus loss to surfaces, is equivalent to one 
85% of the equilibrium concentration would be obtained in 
urs. Thus, to the extent that the source emissions do not 
sine over long periods of time, the equilibrium concentration 
not be reached and maintained, introducing errors into the 
aated or modeled RSP. 

dilation/Infiltration 

The supply of fresh air to a space by ventilation (air supplied 
lechanical systems) or by infiltration (uncontrolled movement 
r through cracks and unintentional openings in the building 
lope) serves to reduce the levels of air contaminants generated 
indoor source. 

Building codes adopted and enforced by local, state, and fed- 
government agencies generally specify minimal acceptable 
ilation criteria to be maintained in buildings. These codes 
usually derived from standards that have been promulgated 
.uthoritative bodies (American National Standards Institute, 
:rican Society of Heating, Refrigerating and Air-Conditioning 
ineers, etc.). These standards are usually developed by con- 
s and are generally voluntary until adopted by municipal or 
3 governments. The studies of Yaglou et al. (1936) formed 
Dasis of minimum required ventilation rates that persisted un- 
79. These studies reported ventilation rates (fresh odor-free 


Standard 62-73 (Standards for Natural and Mechanical Venti¬ 
lation). This standard recommended ventilation rates for vari¬ 
ous residential and commercial spaces on an occupancy-density 
basis. In 1981, ASHRAE adopted Standard 62-81 (Ventilation 
for Acceptable Indoor Air Quality), which also recommended 
ventilation rates for various residential and commercial spaces 
on an occupancy-density basis but distinguished between smok¬ 
ing and nonsmoking occupancy. Modal ventilation rates in this 
standard equaled 35 cfm/occupant for smoking occupancy and 7 
cfm/occupant for nonsmoking occupancy. 

As noted in Equation 5-1, ventilation rates are incorporated as 
acL ASHRAE 62-73 recommended from 15 to 25 cfm/person for 
general office space with an estimated 10 persons/1,000 ft 2 density, 
while ASHRAE 62-81 recommended 20 cfm/person when smoking 
is permitted and a 5-cfm/person minimum for nonsmoking occu¬ 
pancy with an estimated 7 persons/1,000 ft 2 density occupancy. 
Assuming full occupancy and an 8-ft ceiling, ASHRAE 62-73 ven¬ 
tilation rate ranges are 1.13 and 1.9 ach, while ASHRAE 62-81 
recommends a rate of 1.3 ach for smoking occupancy and 0.26 ach 
for nonsmoking occupancy. When considered on a space-by-space 
basis for commercial or residential environments as recommended 
by either ASHRAE 62-73 or ASHRAE 62-81, the ach rates vary 
considerably, depending on the use of the space and whether smok¬ 
ing is permitted. 

In estimating ach ’s for inputs into Equation 5-1, to assess 
either current or past RSP concentrations in occupied space due 
to ETS, the following points should be kept in mind: 
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:es in which smoking is or has been permitted. 

• Air-exchange rates are calculated from cfm/person rates 
;ified in the standards for full occupancy. To the extent that 
ipancy is less than or greater than the designed figure, the 
/person could be significantly different. 

• Ventilation codes are equivalent to design standards. In ac- 
l practice, the heating, ventilation, and air-conditioning 
/AC) system may not operate as designed. Interior alterations, 
iifications in occupancy, maintenance, and repair of equipment, 

. operator practice can significantly affect the performance of 
HVAC system. 

Air-infiltration values in housing are induced by differences 
pressure across the structure envelope. Limited data exist to 
icate what the current or past distribution of air-exchange 
;s in houses in the United States are or what the intra- or 
srseasonal variations are. One study of seasonal infiltration 
js of 312 houses in North America (Grimrsud et al., 1982; 
ure 5-3) found a median value of 0.5 ach. This study was based 
new energy-efficient houses. Another study (Grot and Clark, 
9; Figure 5-3) of 266 low-income houses in North America 
d the median seasonal air-exchange rate to be 0.9 ach. Air- 
tration rates for both studies were taken without occupants in 
houses. Normal activities of occupants would add an average 
D to 0.15 ach to the values reported in these two studies. 
Ventilation or infiltration rates in commercial and residential 
ldings can vary by an order of magnitude among and within 
ldings, season to season and within a season. Unfortunately, 
re are few data available that would allow for an accurate 
imate of the distribution of air-exchange rates in commercial 
1 residential spaces currently or over the past several years. A 
ge of 0.4 to 1.5 ach would seem reasonable. 

moval by Surfaces 

Next to ventilation, the major mechanism for removal of sus- 
ded particulate matter is surface deposition. Surface deposi- 
i of particles indoors is a function of several variables, including 
tide size and composition, temperature, humidity, type and 
mtity of surface material in a room, surface-to-volume rates, 
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rate ot tibsr generated by tobacco combustion under condi- 
of ideal mixing (Leaderer et al., 1986). In these experiments, 
deposition rate of RSP was determined by monitoring the de- 
of RSP and carbon dioxide (injected into the chamber) under 
experimental conditions examined. The difference between 
RSP and carbon dioxide (nonreactive tracer gas) represented 
RSP deposition rate. This study found the most pronounced 
act on deposition in this chamber to be the air-recirculation 
(fresh-air-ventilation rate held constant) or turbulence. The 
; and quantity of material, temperature, and humidity were 
found to impact particle deposition in a significant way. The 
Its of this study indicate that a particle deposition rate of 
to 0.8 h _1 for ideal mixing might typically be encountered in 
pied spaces. 

ing 

Once released into an enclosed space, air contaminants move 
•ugh it by dispersion. Dispersion determines where the high 
low concentrations of the contaminant will occur. Dispersion 
mtrolled by diffusion, which is the movement from areas of 
t to low concentrations, and by mixing, which is the movement 
ir in the space. When ideal mixing occurs in a space, i.e., m = 
Equation 5-1, no spatial gradient of an air contaminant like 
1 exists, and the full effectiveness of ventilation and sink rates 
emoving the contaminant is seen. In controlled laboratory 
lies, ideal mixing is easily obtained through the use of mixing 
i or the rapid recirculation of the air. In occupied spaces, 
ever, ideal mixing is hardly ever obtained unless a great deal 
urbulence is introduced to the space and the supply- and 
aust-air system is carefully designed. Less than ideal mixing 
result in a pronounced concentration gradient of a contaminant 
he space. The ventilation rates and removal by surfaces under 
se conditions are not as effective in lowering air-contaminant 
Is. The mixing term is usually defined as the ratio of effective 
bilation to theoretical ventilation. 

In an occupied space, the value of the mixing factor is affected 
;he source and its use, room geometry, air supply and exhaust 
gn, air-flow rates, obstacles in a room, and activity of the 
upants. In addition, the mixing factor is specific for a precise 


location. No data exist that would indicate the distribution of the 
values for the mixing factor in occupied spaces. A limited number 
of studies show a range of mixing factors from 0.1 to near 1.0 
(Brief, 1960; Kasuda, 1976). 

Volume 

The volume of the space in which smoking occurs is highly 
variable. It can range from a few cubic meters in a car to several 
thousand cubic meters in large auditoriums or sports arenas. The 
highest RSP levels from ETS will tend to occur in smaller spaces 
with high smoking rates. 


Predicting Environmental Tobacco Smoke Exposures 
from Tobacco Combustion 

Utilizing Equation 5-1, expected RSP concentrations indoors 
from ETS can be estimated for a range of the input parameters that 
realistically can be expected under normal smoking occupancy. 
Figures 5-4 and 5-5 allow for the easy calculation of RSP levels 
due to ETS as a function of Smoking rate, ventilation, sink rate, 
mixing, and volume of the space (see the example outlined in 
the legends of these figures). The calculations treat the spaces 
of concern (e.g., multiroom home or a single room in a house) 
as a single compartment with no air-cleaning devices. The total 
amount of RSP (in milligrams) from ETS can be determined in 
Figure 5-5 as a function of the smoking rate and effective removal 
rate ( N). The removal rate is equal to the sum of ventilation plus 
removal by surfaces times the mixing factor. The total amount 
of RSP calculated from Figure 5-4 is then entered into Figure 5-5 
to determine the RSP concentrations (in micrograms per cubic 
meter) expected for a given volume of space. The calculations 
used to generate these figures assume that: 

• an average total RSP emission rate is 26 mg/cigarette, 

• the emissions are nearly consistent and averaged over a 1-h 
period, 

• near steady-state or equilibrium conditions are reached 
quickly, 

• no air-cleaning devices are in use, 

• background levels of RSP in a space are zero, and 
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FIGURE 5-4 Diagram for calculating the RPS mass from ETS emitted into 
any occupied space as a function of the smoking rate and removal rate (N). 
The removal rate is equal to the sum of the ventilation or infiltration rate 
(n„) and removal rate by surfaces (n a ) times the mixing factor m. The 
calculated ETS RSP mass determined from this figure serves as an input 
to Figure 5-5 to determine the ETS respirable suspended particulate mass 
concentration in any space in /zg/m 3 . Smoking rates (diagonal lines) are 
given as cigarettes smoked per hour. Mixing is determined as a fraction and 
n v and n„ are in air changes per hour (ach). All three parameters have to be 
estimated or measured. Calculations were made using the equilibrium form 
of the mass-balance equation (Equation 5-3) and assume a fixed emission 
rate of 26 mg/cigarette of RSP. 

Shaded area shows the range of RSP emissions that could be expected for 
a residence with one smoker smoking at a rate of either 1 or 2 cigarettes 
per hour for the range of mixing, ventilation, and removal rates occurring in 
residences under steady-state conditions. 




FIGURE 5-5 Diagram to calculate the ETS RSP concentration in a space 
as a function of the total mass of ETS RSP emitted (determined from 
Figure 5-4) and the volume of a space (diagonal lines). The concentrations 
shown assume a background level in the space of zero. The particulate 
concentrations shown are estimates during smoking occupancy. The dashed 
horizontal lines (A, B, G, and D) refer to National Ambient Air Quality 
Standards (health-related) for total suspended particulates established by 
the U.S. Environmental Protection Agency. A is the annual geometric mean. 
B is the 24-hour value not to be exceeded more than once a year. G is 
the 24-hour air pollution emergency level. D is the 24-hour significant harm 
level. Shaded area shows the range of concentrations expected (from Figure 
5-4) for a range of typical volumes of U.S. residences and rooms in these 
residences. 


• a one-chamber model is appropriate. 

In these figures, the RSP-emission rate is assumed constant. 
If, in fact, this rate is variable, then the predicted RSP level will 
also vary. As already discussed, the input parameters to Equation 
5-1 are known to vary greatly under realistic occupancy conditions, 
with few or no data available on the distribution of the values of 
those input parameters. Figures 5-4 and 5-5 highlight the large 
effect that small variations in the input parameters can have on 
the predicted RSP concentration. 




For example, for a range of conditions that can be expected 
to be encountered in private residences with one smoker (shaded 
areas in Figures 5-4 and 5-5), RSP levels in residences or public 
places during smoking occupancy can vary by more than two or¬ 
ders of magnitude from approximately 17 to 5,000 ^g/m 3 . This 
example assumes one smoking resident smoking at a rate of either 
one or two cigarettes/hour. Relatively easy-to-obtain information 
on some of the input parameters, such as building volume or typical 
smoking densities, obtained through questionnaires or observation, 
can serve to significantly reduce the range of estimated exposures. 
It is also clear from Figures 5-4 and 5-5 that, for the vast majority 
of conditions, RSP levels due solely to ETS can be expected to 
equal or exceed levels specified in National Ambient Air Quality 
Standards for the total suspended particulates (Code of Federal 
Regulations, 1985). These standards are health-based and reflect 
different averaging times as well as levels of exposure. Direct com¬ 
parison of exposures with the standards requires consideration of 
particle size, concentration, and time. The physical and chemical 
nature of the particulate matter resulting from tobacco smoke is 
different from particulate matter observed outdoors in ambient 
air. These different particulate matters no doubt have different 
biological effects. Therefore, direct comparisons of exposures to 
outdoor standards should be made with caution. 


Application of Respirable Suspended Particulates Model 

The most extensive use of the mass-balance equation for as¬ 
sessing RSP levels due to ETS in occupied spaces has been by 
Repace and Lowrey (1980). Drawing upon the best available data 
from several sources, including both measured and estimated pa¬ 
rameters, they proposed and applied in field observations a con¬ 
densed version of the mass-balance equation for estimating RSP 
exposures due to ETS in a variety of indoor microenvironments. 
Their model is 


G eq - 650P a /n„, (5-3) 

where C eq is the equilibrium of concentration of RSP due to ETS 
expressed in micrograms per cubic meter, D , is the density of 
active smokers expressed as units of burning cigarettes observed 
in a space per 100 m 3 over the sampling time frames, and n„ is the 



ventilation or infiltration rate in ach. The constant term (650) is i 

calculated from a standard set of assumed conditions for smoking 
rates, RSP emission rates, mixing factors, ventilation rates, and , 

sink rates. These standard sets of conditions are derived largely j 

from experimental data and building standards. 

Although many of the input parameters were estimated from , 

the literature, which is based on limited experimental data, Repace > 

and Lowrey (1980, 1982) applied Equation 5-3, or similar equa- ’ 

tions, to a variety of situations and found that they produced 
reasonably accurate estimates in a limited number of occupied , 

spaces with smoking occupancy. Apparently, easy-to-obtain data 
on building volumes, design occupancy, smoking occupancy, type t 

of ventilation systems, and building standards can improve the j 

prediction of RSP concentrations. In using Equation 5-3, the ma¬ 
jor assumptions deal with mixing, ventilation rates, and sink rates. 
Additional field testing of the Repace and Lowrey model, as well as 
a better understanding of the variability of the input parameters, 
either estimated or measured for use in Equation 5-3, is needed. 

SUMMARY AND RECOMMENDATIONS 

In investigating the adverse health and comfort impact of air 
contaminants, it is important to specify the exposure to a specific 
air contaminant or a class of air contaminants on the time scale 
corresponding to the health or comfort effect being evaluated. Ac¬ 
curate data on exposure is essential to minimize misclassification 
of exposure in epidemiologic studies of air contaminants. In the 
absence of an indicator of the dose of the contaminant, target tis¬ 
sue exposures may be estimated by use of biological markers, by 
personal monitors, or by the air monitoring of microenvironments 
in which people spend time combined with time activity patterns. 

ETS is comprised of several thousand chemicals in both the 
gas and particulate phases. While several individual constituents 
of ETS have been measured in a number of microenvironments as 
a proxy for ETS (nicotine, CO, acrolein, etc.), none have met all 
of the criteria necessary for a suitable proxy, nor has an individual 
contaminant been uniformly accepted or recognized as represent¬ 
ing ETS exposure. New methods of measuring nicotine in air hold 
promise for using nicotine as a suitable proxy for ETS, but consid¬ 
erable development and testing need to be done. The single largest 
component of ETS by weight is the RSP, which refers to particles 


!ss than 2.5 /im and is highly variable in chemical composition, 
'he RSP fraction of ETS is currently the best and most-utilized 
eneral category of air contaminants to represent ETS exposure. 

A limited number of studies that employed personal monitors 
3 measure total RSP found that individuals who reported being 
sposed to ETS were exposed to RSP concentrations consistently 
reater than those who reported no exposure. Furthermore, the 
istribution of RSP concentrations varied widely (from 10 (j, g/m 3 
3 more than 200 fi g/m 3 ). The limited number of samples, lack of 
ata on the environments where the exposure took place, and lack 
a specific proxy for ETS do not permit accurate estimation of 
ae ETS exposure or extension of the data to a larger population, 
'hey do indicate, however, that individuals who report exposure 
3 ETS will have greater RSP exposures than those who do not. 

Measurements of RSP levels in various indoor environments 
residences, offices, restaurants, bars, bowling alleys, airplanes, 
enas, etc.) have clearly shown that RSP levels will be consider- 
ly above background levels (outdoor levels or nonsmoking levels) 
r hen smoking is reported in the space. 

Modeling of RSP concentrations due to ETS in any indoor 
nvironment usually utilizes a simplified form of the mass-balance 
quation. These models are typically single-chamber models that 
ssume steady-state or equilibrium conditions to estimate RSP 
ivels and require as input parameters an RSP-emission rate for 
obacco combustion, number of cigarettes consumed, ventilation 
r infiltration rates, removal rates by surfaces, air mixing in the 
pace, and volume of the space. Information on the current or past 
istribution of these input parameters in the range of microenvi- 
nments in which individuals spend the majority of their time 
esidences, offices, etc.) is not available. The variability of one 
r more of the input parameters can make a difference of as much 
s an order of magnitude in the estimated RSP concentration, 
additional variability in the estimated RSP levels is introduced to 
he extent that the equilibrium assumptions do not hold (i.e., an 
ntermittent rather than continuous source). 

Gathering data on easily measured input parameters such as 
moking rates or volume can substantially reduce the variability 
>f the estimated RSP levels. Limited field tests of the general 
iquilibrium model, in which some of the input parameters were 
neasured and others were estimated either from chamber studies 
>r building codes, have predicted RSP levels reasonably well over a 
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1. Various individual chemical constituents of ETS have 
been measured in indoor spaces as proxies for ETS, but their suit¬ 
ability as proxies for ETS exposures has not been well established. 

2. The total RSP, measured by personal monitors, has been 
found to be elevated for individuals who reported being exposed 
to ETS as compared with those who reported no exposure. 

3. The distributions of RSP measured by personal monitors 
and by portable monitors vary widely. However, levels of RSP 
measured in various indoor environments have clearly shown that 
RSP levels will be considerably above background levels when 
smoking is reported in the space. 

4. Limited field tests of the mass-balance, general-equilib¬ 
rium model in which some of the input parameters are measured 
and others are estimated have predicted RSP levels reasonably 
well over a wide range of values of input parameters. 

What Scientific Information Is Missing 

1. There is a lack of data on the environments where mea¬ 
surements have been taken. Consequently, an accurate estimate 
of the ETS exposure or extension of the data to a large population 
based upon present data may not be possible. 

2. A suitable proxy or tracer air contaminant is not avail¬ 
able for total ETS exposure. Nicotine may be a good indicator for 
exposure to the vapor phase. However, the relative proportions of 
various constituents of ETS in the particulate and vapor phases 
need further study to determine the extent to which a tracer for 
one phase can be used to infer exposure to the other phase. 

3. Information on current or past distributions of the input 
parameters for the mass-balance models of RSP concentrations is 


ot available for a range of microenvironments in which individuals 
pend the majority of their time. 

4. When levels of various constituents of ETS are measured 
i field situations, data should be gathered on input parameters 
uch as smoking rates or volume so that a detailed field evaluation 

the equilibrium model can be made. 

5. ETS exposure in epidemiologic studies needs to be im- 
roved. Questionnaires must be validated. Personal and microen- 
ironmental monitoring studies should be conducted to determine 
he predictive value of various exposure assessment methodolo- 
ies. This might be achieved as part of a nested design in a larger 
pidemiologic study. 

6. The variability of RSP emissions into the environment 
.nd the relationship between vapor and particulate phases need 
o be investigated for a variety of brands of tobacco. 
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isessing Exposures to Environmental 
sbacco Smoke Using Questionnaires 


'he active component(s) of environmental tobacco smoke 
) associated with various health effects may be different 
:ute and chronic outcomes. Also, the mechanisms of ac- 
liffer. Furthermore, as discussed in Chapter 2, the relative 
ntrations of various components of ETS change over time, 
.s the smoke ages. Therefore, the use of a single proxy pol- 
t, such as respirable particulates, or an indirect measure of 
limits the ability to assess responses to ETS exposure. For 
investigations, indirect assessment is probably not adequate 
aluate health effects for at least two reasons. First, the to- 
> smoke components that affect the health outcome may not 
lated to the indirect assessment in a simple way, e.g., vapor- 
!-component concentrations cannot be adequately measured 
irticulate-phase components. Secondly, a variety of host fac- 
iffect the actual dose received so that assessment of exposure 
not accurately (or completely) represent dose (see Chapter 

L variety of methods is used to estimate individual exposures 
iated with human health effects in industrial and nonindus- 
ettings. These exposure indicators may be direct—such as 
se of personal-monitoring data or biochemical measures ob- 
d by testing body fluids for the compound or its metabolites— 
direct—such as the use of data from interview responses of 
y members regarding activities of the subject and modeling 
1 on environmental monitoring of the ambient or industrial 
lg. The resulting data from direct and indirect indicators of 
sure can be expressed in quantitative or qualitative terms. 
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The advantages and disadvantages of the various exposure mea¬ 
sures used in industrial and nonindustrial settings are summarized 
in Table 6-1. The issues raised in this table are directly relevant 
to assessing ETS exposure. The use of surrogate measures derived 
from questionnaire responses and the issues resulting from use of 
these measures are discussed in this chapter. 

EXPOSURE HISTORIES DERIVED FROM 
QUESTIONNAIRES 

Questionnaire responses of study subjects or family/household 
members are used for two purposes. First, questionnaires are used 
to obtain data on the physical characteristics of each environment 
and the time-activity patterns of the individual in each environ¬ 
ment. These data can be used with individual monitoring data 
to estimate (usually by modeling) the air-contaminant levels in 
the microenvironment and to estimate time-weighted, integrated 
individual exposures. Second, questionnaire responses provide a 
basis for classification of individuals into broad categories of ex¬ 
posure based on self (or proxy) reports of exposure to individuals 
who smoke. Questionnaires of the latter type have provided the 
bases for associating ETS to the increased risk of nonmalignant 
and malignant disease. 

There are several major issues in epidemiologic studies of 
health effects of exposure to ETS that rely on indirect measures 
of exposure as derived from questionnaire data. 

First, the assessment of ETS exposures associated with acute 
health effects requires a different approach than that for chronic 
health effects. Acute health effects, such as respiratory infections, 
are manifested shortly after exposure and are of short duration. 
By inference, these health outcomes depend only on exposures in 
the recent past. In contrast, chronic health effects are conditions 
that are associated with long-term exposure to ETS, that is, they 
are manifested after some prolonged period of time and are of long 
duration. In evaluating the association of ETS with chronic dis¬ 
eases, knowledge about the duration of exposure and the duration 
of time from initial exposure to disease onset is more important 
than the duration of the disease. 

Second, quality of information obtained by interview or self- 
administered questionnaires may vary among studies and may 
vary for different disease outcomes. For example, the assessment 
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(2) by measuring changes in bio- 1. Identifies alterations in normal constitu- I. Does not quant 
chemical responses (e.g., elevated ents of body fluids and changes in rate of 2. Results may be 

rate of thiocyanate production in normal biochemical processes and disease 




a 

£ 

o 


X — 


g *= a 

1 | g 

2 II 


3 CJ 
O ,0 

I 

s •§ 


Oh ft) 

00 g 

& S' 
n 0- 
••5 E 


3 ^ 

2 CJ 

5 •* 
« 2 


c CJ 

.2 a 


G >• 

3 ? 
2-S 

O « B « 

" » Tj “ 

0 .£ u c •£ 

■Ie 
£ | 

“ "5. 2 v> ■> 
rt E cj O *5 

s S s Q .E 


r- -uj 

n " w C O 

-- c « c2 

. 13 

> X 


o 3- 

Z H 


P- "n 

p~i gj 

x 


5 i 

00 £< 

2 £ 

§« “ 

.2 <D 

E X 

| 1 


T1 « 

S a 

E Sr 


« 2 

C •£ 

o c 

P , 5 
* 2 
cj a 

u. 


£ o 

3 £ 

5 o 
Q * 


x» 

£ 


§S2 

x s 
— a 

nj 

'5 I 
S g? 
•a -c 
.5 3 

S *£ 
< E 


S J= 
toe 


CJ (/] 

S e- 

1 & 

2 x 


£ 

c 

op 

’on 

to 


00 

£ 

‘5 

x 


£ o 

O T3 
CJ 

CJ c 
« ,2P 
*o *55 
Oh ft) 

E T3 

O -w 
CJ o 
C E 

5-2 

- o 
ST o 

« CJ 

2 os 


E 

«j g 
C c 
cj o 


— a 
o 

S = ? 

CJ 

ft) ft) £ 

*- > \c 




5 -s 

CJ 
CJ 


o 

Oh 
X X 
cj 3 

•a £ 

CJ o 
G O 


to 


- *P 
3 XI 2 
to 4> P. 

Ill 


Zi G 
C O 
CJ •” 

00 ts 


o S £ £ 


o 

G 

8 

X 


5US 


■w a 

c ^ 
E a 

C ST 
,00 I 
'Tn J- 

3 


^ *S • 

op a 

JB 

^ •■§ i 

c CJ X! 


M U 

2 S 
« ,2 
.* -c 
o * 

l I 

ft) w 

ST* 5/5 
O X3 

g. s 
E o 
u E 


K « 

2 cj 


w x ■ 

Oh rt ‘ 
£ £ 


g> c 
.5 cj 


O 3 


E 


CJ 

2 

o .§ 
* tt 

M 2 
CJ CJ 

o *a 

S’ I 

s- ^ 
£ ° 
cj cj 

° 1 

•§>« 
| e 

o s 

5 cj 
•» o 
>, 3 
X "O 
•a 2 
«i a 

£ S' 

3 5 


s 

CJ 

‘E 

CJ 

.£ 

x 

c 

CJ nj 

If 

o ° 

+* G 

00 o 

B '£ 
•= « 
E xi 

3 X 

V) flj 
ft) c > 

SS'S 

o 2 ^ 
Oh E CJ 
x r* 2 
«j r J 



CJ u< 

‘•g* fS 

*5 

xi ,E 

3 ^ 

£ 


•5 I £ 

•o “>■> 

>1 .£ 3 


^ £*. 
.2 ° 

‘E .2 


H~H O 
.£ ^ 
x oo 


SI * 
2 oo 

B cj 


00 B 

2 o 

fc Oh 


O CJ Oh 

a >< 

to CJ 

§ .£ % 
£ ^ ic 

>) .5 00 

•> *a .£ 

•£ a « 

o ^ -l 
rt I cj 

"O -t-* *2 
c u 2 

§ .H, E 


Q 


age) or quantitative (estimates 5. Differential quality of information by degree of 

developed using duration of time kinship 

spent in environments) 



of maternal smoking during the first year of life of a child may be 
a much more accurate measure of exposure to ETS related to res¬ 
piratory illness than a summary history of ETS exposure related 
to lung cancer. Data quality for ETS exposures can be affected 
in major ways by differential and nondifferential misclassification 
of exposure. In Chapter 12, the impact of misclassifying exposed 
subjects as nonsmokers, when they are in fact current smokers or 
exsmokers, is discussed. Therefore, it is important to determine 
whether nonsmoking subjects are, in fact, never smokers or cur¬ 
rently nonsmokers, i.e., exsmokers. Another source of bias is the 
misclassification of exposure among nonsmokers. That is, non- 
smokers who say they have not been exposed may in fact have had 
significant exposures. In both cases, detailed probes are needed. 

Third, the role of major confounding exposures needs to be 
assessed. For instance, occupational exposures to other air con¬ 
taminants may cause pulmonary disorders. 

Fourth, the evaluation of ETS exposures should attempt to 
assess all such exposures rather than focus solely on exposures 
from smoking by family members (spouse, mother, or father) or 
focus solely on the home environment. An adequate assessment 
of total ETS exposure will necessitate a consideration of exposure 
levels in specific microenvironments—such as home, school, work, 
vehicle, and recreation—and the duration of time an individual 
is exposed in these environments. Developing such a measure is 
complex even for relatively acute health outcomes, such as acute 
cardiovascular, respiratory, or neurotoxic symptoms, for which 
it may be sufficient to estimate recent exposures. Developing a 
comprehensive measure to ETS exposures is far more complex for 
diseases with long induction times, such as cancer and chronic 
obstructive pulmonary disease. The data required for modeling 
a long-term integrated ETS exposure may be far more detailed 
than are available or can be reliably obtained. Further, when a 
surrogate informant is used, that person most likely will be able 
to report on exposures in only some of the microenvironments. In 
this case, it may be impossible to develop a comprehensive index. 



ENVIRONMENTAL TOBACCO SMOKE 
EXPOSURE DATA FOR STUDIES OF 
ACUTE AND CHRONIC HEALTH EFFECTS 

The acute health effects of ETS in children, such as respiratory 
illnesses, have been assessed in the National Health Interview 
Survey (NHIS) by determining smoking status of one or both 
parents or smoking status of adults in the household (Bonham and 
Wilson, 1981). In this national probability sample of households, 
parental smoking histories and reports of respiratory illness among 
children were obtained at one point in time. By contrast, in 
the Harvard Air Pollution Respiratory Health Study (Six Cities 
Study), information on current smoking habits for parents and all 
household members who smoke regularly in the home is obtained 
annually to determine amount of cigarette smoking in the home 
environment to which the children aged 6-13 years are exposed 
(Ware et al., 1984). (In Chapter 11 the assessment of exposure 
to parental smoking in studies of respiratory illness in children is 
discussed in more detail.) 

In studies of chronic health effects in adults, such as cancer, 
exposure of nonsmokers to ETS has been largely determined by 
smoking status of the spouse. Most studies of lung cancer among 
nonsmoking women have relied solely or principally on information 
regarding smoking status of the spouse to assess ETS exposures, 
with little attempt to corroborate self-reports of exposure to ETS. 

The difficulties in assessing ETS exposure are similar to diffi¬ 
culties of assessing occupational exposures (Axelson, 1985). Both 
exposures are complex and variable. The problem of obtaining 
adequate information about ETS exposure might be overcome by 
obtaining data from multiple respondents and by using corrobo¬ 
rating procedures. However, the conceptual difficulty concerning 
the determination of exposure is unresolved or unaddressed in 
most studies. Exposure to a substance involves a varying inten¬ 
sity over some period of time prior to the development of disease. 
These factors may influence the absorption and distribution of 
an agent in the body as well as the biotransformation and ex¬ 
cretion of the agent. Therefore, these factors probably influence 
the risk of the health outcome of interest. For exposures extend¬ 
ing over long periods of time, a simple “cumulative dose” usually 
is calculated by a time integration of the intensity. The estimate of 



exposure over long periods of time is expressed as average num¬ 
ber of cigarettes per day or the calculation of “pack years.” This 
type of measure does not provide for an independent considera¬ 
tion of latency, does not consider variability in exposure over the 
time period, and represents two components of exposure, one of 
which may be more precisely measured (duration) than the other 
(intensity) (Doll and Peto, 1978). Axelson (1985) describes some 
sophisticated adjustments that have been proposed for weighting 
time periods of exposure to estimate cumulative-dose measures. 

These proposed methods have not been widely adopted, prob¬ 
ably due to both the complexity of the method as well as the 
recognized limitations of exposure data typically available. The 
more common, simplified procedure is to apply an appropriate 
induction/latency period in the analysis of studies of cancer or 
other chronic diseases. This practice suggests, however, that more 
attention be given to identifying the separate effects of late (re¬ 
cent) exposures versus early (remote) exposures on development 
of various diseases. These effects may also be mediated by the age 
at which the exposures occurred. 

The proposal described by Johnson and Letzel (1984) advo¬ 
cates a method of assessing exposures to ETS experienced over 
an entire lifetime. The major limitation of this approach is that 
it has not been validated. Johnson and Letzel (1984) argue that 
since no objective criteria for lifetime exposure to ETS exists, a 
direct validation of an instrument to assess lifelong ETS exposure 
cannot be obtained. They propose that the instrument be vali¬ 
dated on a recent time frame, such as 24-hour data. From these 
data the investigators argue by analogy that the method, when 
expanded to a longer time frame, can be regarded as valid. While 
this approach may seem less than ideal, the constraints due to data 
availability and quality emphasize the importance of the type of 
methods development and corroboration illustrated by the work 
of Johnson and Letzel (1984). 

DATA QUALITY 

Misclassification of individual ETS exposure may be differ¬ 
ential (biased) or nondifferential (random). Differential misclas- 
sification would result in a distortion of the estimate of risk in 
either direction, depending on the direction of the misclassifica- 
tion. Nondifferential misclassification would result in a reduction 



power in a study, thus making it more difficult to detect a true 
3 odation of exposure with risk of disease. 

One form of differential misclassification that is a major con- 
rn in studies of ETS exposures is the active smoking status of 
idy subjects. This misclassification may be considered differen- 
tl because spouses and children of smokers are more likely to 
i smokers (or have smoked) themselves, even though they are 
ported as “nonsmokers.” The effects of this differential mis- 
issification are discussed in Chapters 11 and 12. One way to 
inimize this problem is to have multiple questions that probe for 
evious cigarette usage, even if the subject has defined himself or 
rself as a nonsmoker. 

Another form of differential misclassification is that resulting 
Dm the biased reporting of exposure to ETS by individuals with 
isting respiratory diseases, such as asthma or chronic bronchitis, 
ne might conjecture that individuals with existing respiratory 
eases may be more or may be less likely to report exposure to 
rS than individuals without such existing conditions. 

In studies of ETS exposures, information about the smoking 
tbits of the subject, family, and household members is obtained 
r interviews with the study subject when available, or by inter- 
ew with a family member when the study subject is deceased or 
lavailable. That is, surrogate respondents may be used to collect 
formation regarding personal exposures of the study subject. 

The validity of surrogate information in most studies is un- 
irtain, and the direction of any potential bias is rarely known 
lordis, 1982). The feasibility of this approach for a variety of ex- 
Dsures and habits has been examined (Pickle et al., 1983). Also, 
iveral studies have assessed the reliability and validity of surro- 
ite respondents for various kinds of exposures (Rogot and Reid, 
375; Kolonel et al., 1977; Marshall et ah, 1980; Baumgarten et 
,., 1983; Humble et ah, 1984; Greenberg et ah, 1985; Herrmann, 
385; Lerchen and Samet, 1986). In all of these studies, agreement 
etween self and surrogate responses improves when the amount of 
etail required for the response is decreased. This observation was 
rst reported by Rogot and Reid (1975) and subsequently observed 
i studies comparing self versus spouse/surrogate responses. 

Lerchen and Samet (1986) reported perfect agreement of 
garette-smoking status (ever/never) as reported by lung can- 
3r cases and their wives, but only 66 (86%) of the 77 wives 
larried to smokers were able to supply complete details about 


their husbands’ cigarette-smoking habits. In this study, agree¬ 
ment (expressed as correlation coefficients) was quite good for 
all smoking-related variables, such as age at which the subject 
started to smoke (0.48), total years of smoking (0.91), and average 
number of cigarettes smoked per day (0.44). The mean values 
reported by cases and their wives were not significantly different 
for any variable. Overall, the agreement observed for self- and 
surrogate-reported smoking-related information was better than 
the agreement for education, occupation, and dietary information. 

Pershagen and Axelson (1982) also reported perfect agree¬ 
ment for smoking status information obtained by interview with a 
close relative (parent, wife, or child) for 14 lung cancer cases when 
information was compared with that obtained previously by the 
plant physician. Their inquiry was limited to smoker/nonsmoker 
status. Damber (1986) and Pershagen (1984) reported 99% agree¬ 
ment between reports of close relatives and hospital records for 
ever/never smoking studies in a sample of 86 patients admitted 
for respiratory disease. The agreement for number of years smoked 
(±5 years) was 74%. 

Other studies have noted additional features of the responses 
from surrogates. The report by Pickle et al. (1983) indicates that 
respondents other than spouse and direct next-of-kin (siblings, 
parents, and children) are more likely to not know relevant in¬ 
formation. Marshall et al. (1980) demonstrated the increase in 
sensitivity obtained by combining information from two or more 
surrogate respondents, and Herrmann (1985) showed that hus¬ 
bands reported data for wives as reliably as wives reported expo¬ 
sures of husbands. 

Recent data from the NCHS Epidemiologic Followup Study 
(NHEFS) in 1982-1984 of participants in the National Health and 
Nutrition Examination Survey (NHANES I) in 1971-1975 provides 
a strong confirmation of these earlier reports (S.R. Machlin, J.C. 
Kleinman, J.H. Madans, National Center for Health Statistics, 
personal communication). This analysis is based on a subsample 
of 5,669 individuals with data regarding baseline smoking status 
available from both NHANES I and NHEFS. Agreement rates 
between NHANES I and NHEFS for the 5,029 subject responses 
versus the 640 proxy responses at follow-up are compared (Ta¬ 
bles 6-2 and 6-3). When smoking status is broadly defined as 
ever/never, the 91% agreement rate for proxy responses compares 
quite favorably with the 95% agreement rate of subject responses 



table 6-2). Similar high agreement is observed for proxy and sub- 
t responses at follow-up when smoking status is considered as 
irrent/not current (Table 6-3). Additional analyses of these data 
i assess the factors associated with agreement between baseline 
id follow-up responses considered age, race, gender of subject, 
pe of respondent at follow-up, and smoking status at baseline. 
3timates of the relative odds of disagreement indicated that only 
le effect of race did not interact with any of the other variables 
eluded in the multiple logistic model. Significant two-way inten¬ 
sions were observed for type of informant and age of subject, 
iseline smoking status and gender of subject, and baseline smok- 
g status and age of subject. These results suggested that proxy 
ispondents were more than twice as likely to misclassify smoking 
atus for subjects less than 65 years of age, but not for subjects 
;e 65 years and over. When amount smoked (current amount at 
iseline versus usual amount at follow-up) is compared for smok- 
s only, the agreement rates are substantially affected by type 
: respondent; 55% agreement for subject responses versus 35% 
agreement for proxy responses. When this comparison is made 
ith nonsmokers included, a much higher rate of agreement for 
oth subject (80%) and proxy (74%) responses is observed. This 
imparison is strongly influenced by the substantial proportion of 
onsmokers (over 60%). Of concern, however, is the high propor- 
on of self-reported current and former smokers at baseline who 
re reported as never smokers at follow-up; 5.6% by self respon- 
ents and 12.9% by proxy respondents, These results are discussed 
Lter in the section concerned with confounding. 

Another large cohort study in England and Wales provides 
lformation regarding the proportion of people who say that they 
ave never smoked but, in fact, have done so in the past (N. 
iritten, University of Bristol, England, personal communication). 
l large longitudinal study of children born in 1 week in England 
d Wales in 1946 has included several follow-up visits, the most 
scent of which was done in 1982 when the subjects were 36 years 
age. Table 6-4 presents some results. A portion (4.9%) of the 
abjects said they had never smoked as much as one cigarette 
day in 1982 when in fact they had previously reported that 
hey smoked. These subjects had reported smoking at a rate of 
bout half the current smokers. Nearly all of exsmokers (93%) had 
moked 10 or more years earlier. 


(NHANES I, 1971-75), According to Smoking Status at Follow-up 
(NHEFS, 1982-84) by Type of Respondent at Follow-up 


Baseline Smoking 
Status (NHANES I) 

Smoking Status Reported at Follow-up 



Ever 

No. 

Percent 

Never 

No. 

Percent 

Total 

No. 



Type of Follow-up Respondent: Self 


Ever 

2,675 

95.6 

125 

5.6 

2,800 

Never 

122 

4.6 

2,107 

94.4 

2,229 

Total 

2,797 

100.0 

2,232 

100.0 

5,029 



Type of Follow-up Respondent: Proxy 


Ever 

329 

95.1 

38 

12.9 

367 

Never 

17 

4.9 

256 

87.1 

273 

Total 

346 

100.0 

294 

100.0 

640 


SOURCE: Information obtained from National Center for Health Statistics (S. R. Machlin, 
J. C. Kleinnian, J. H. Madans, personal communications). 


table 6-3 Percent Distribution of Smoking Status at Baseline Exam 
(NHANES I, 1971-75), According to Smoking Status at Follow-up 
(NHEFS, 1982-84) by Type of Respondent at Follow-up 


Baseline Smoking 
Status (NHANES 1) 

Smoking Status Reported at Follow-up 



Current 

No. 

Percent 

Not Current 

No. Percent 

Total 

No. 



Type of Follow-up Respondent: Self 


Current 

1,722 

89.5 

124 

4.0 

1,846 

Not Current 

202 

10.5 

2,981 

96.0 

3,183 

Total 

1,924 

100.0 

3,105 

100.0 

5,029 



Type of Follow-up Respondent: Proxy 


Current 

186 

83.4 

24 

5.8 

210 

Not Current 

37 

16.6 

393 

94.2 

430 

Total 

223 

100.0 

417 

100.0 

640 


SOURCE: Information obtained from National Center for Health Statistics (S. R. Machlin, 
J. C. Kleinman, and J. H. Madans, personal communication). 
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Therefore, both longitudinal studies indicate that about 5% 
of self-reported lifelong nonsmokers may, in fact, have smoked. 
Rogot and Reid (1975) observed that there was a tendency of 
surrogate informants to report a higher tobacco consumption than 
previously reported by the study subjects. However, Lerchen and 
Samet (1986) observed no such differential in the reporting by 
wives of amount smoked by their husbands as compared with that 
reported by husbands. 

The body of evidence on surrogate responses to questions 
about smoking status suggests that the validity of such data may 
be limited and that spouses and, perhaps, other close family 
members can provide an accurate, but simple, smoking history 
(ever/never, smoker/nonsmoker). However, detailed information 
about amount and number of years smoked may be inaccurate and 
may result in substantial misclassification of study subjects by ex¬ 
posure status. These findings, although from a limited number 
of studies, have direct implications for the studies of ETS expo¬ 
sures where ETS exposure information is derived from surrogate 
reports. It should be noted that in the special instance where 
the spouse surrogate is reporting on his personal smoking history, 
the information regarding ETS exposure of the nonsmoking study 
subject may be more accurate with regard to home exposures than 
the report by the study subject. 

Cotinine, the major metabolite of nicotine, can be detected in 
blood, urine, and saliva of active cigarette smokers and of those 
passively exposed to ETS. Coultas et al. (1986) demonstrated that 
nonsmokers exposed to cigarette smoke in their homes have de¬ 
tectable levels of salivary cotinine that increase as the number of 
smokers in the home increases from 1 to 2 or more (Table 6-5). 
Biochemical corroboration is not as promising for remote expo¬ 
sures to ETS. Corroboration of historical exposures, therefore, 
must rely on other methods, such as review of historical records. 
Results of recent biochemical measures may be used to corroborate 
self-reports of recent exposures for individuals for whom reports 
of both recent and remote exposures are available. The quality of 
historical data for an individual can be inferred from data using 
results from biochemical corroboration. This approach has been 
proposed by Johnson and Letzel (1984). 

The true validity of retrospective ETS exposures is impossible 
to establish. Wherever possible, other methods to corroborate 
exposure estimates should be used to assess and confirm the quality 



table 6-5 Salivary Cotinine Concentration (ng/ml) in 
Nonsmokers by Age and Number of Active Smokers in 
Household 


Age, yr 

Number of Household Smokers 


None 

One 

Two or More 

Younger than 6 

0;1.7;68" 

3.8;4.1;41 

5.4;5.6;21 

6-17 

0;1.3;200 

1.8;2.4;96 

5.3;5.6;25 

Older than 17 

0;1.5;316 

0.65;2.8;60 

0;3.7; 12 


"Median; mean; number of subjects. 
SOURCE: Coultas et al. (1986). 


f- and proxy reports of ETS exposure as well as active smoking 
is of study subjects. Other methods currently available for 
jarison with questionnaire and interview responses include 
lemical measures, environmental modeling, review of existing 
ds, and reports of additional respondents. 

OTHER VARIABLES 

Confounding factors that should be considered in the design, 
tion, and use of questionnaire data are other risk factors 
dated with the disease that may or may not be correlated 
exposures to ETS. In the case of lung cancer, such risk 
irs include, but are not limited to: 

• occupation and industry of employment, 

• exposure to specific respiratory carcinogens, such as as- 
ds, arsenic, radon, etc., in occupational or nonoccupational 
ngs, 

• dietary factors, 

• family history of cancer (Ooi et al., 1986), 

• residential history, 

• housing characteristics, 

• years of education, and 

• socioeconomic status. 

Founding factors relevant to the assessment of pulmonary func- 
and respiratory illness are listed in Table 11-1. In addition, 
lokers and current smokers have been (or are) exposed to 
re smoking for some period of time. Therefore, these individ- 
may have been exposed to higher concentrations and longer 





smoking (described in Chapter 11). 

A history of exposure to all other known or suspected con¬ 
founding factors should be obtained in a comparable manner 
for cases and comparison subjects by interview and corroborated 
whenever possible by comparison with existing records or self- 
reports obtained before development of the disease. The exposure 
data collected should strive to be as detailed as possible with re¬ 
spect to intensity, duration, and calendar time for all exposures, 
including ETS exposures. However, one should be cognizant of 
the limitations imposed on data quality, especially when the inves¬ 
tigation relies on surrogate responses. Such quantification at best 
provides an approximation of exposure, whether the information 
is obtained from the individual himself or from a surrogate. 


SUMMARY AND RECOMMENDATIONS 

There are problems with self- and proxy reports of ETS ex¬ 
posure inferred from questionnaire responses that limit the utility 
of these data. The best method by which to estimate individual 
ETS exposures is not known, and this lack of information ham¬ 
pers all efforts at assessing data quality, including data validity. 
At present all methods used and proposed are indirect, although 
some provide quantitative measures and some qualitative mea¬ 
sures (smoker/nonsmoker). However, information on exposure 
from monitoring and detailed environmental-modeling studies of 
RSP indicate that only 30-40% of the variation in exposure can be 
explained using this approach (see Chapter 5). Further, biochem¬ 
ical methods to assess ETS exposure are extremely limited in the 
assessment of historical exposures that are most important with 
regards to chronic health effects. Therefore, exposure data derived 


from questionnaire responses have an extremely important role in 
existing and future studies of ETS exposures. 


What Is Known 

1. Surrogate responses from spouses or close family members 
can provide data as accurate as self-reports for simple ever/never 
smoker status and current amount smoked. However, with such 
simple classifications, an error rate of about 5% is observed where¬ 
by ever smokers are misclassified as lifelong nonsmokers. This 
error is present for self-respondents as well as proxies. 


What Scientific Information Is Missing 

1. Differences in exposure levels between home and work envi¬ 
ronments have not been described in existing studies. In addition 
to the amount of time that an individual may spend in a work 
setting, the actual exposure may vary within the setting due to 
physical characteristics of the work environment as well as the 
number of active smokers present. 

2. Future investigations should be concerned with detailed 
characterization of ETS that would provide a more precise estima¬ 
tion of individual exposures and include additional considerations 
of physical characteristics of the environment, activity patterns of 
the study subject, and ages at which exposures occurred. These 
data could be entered into a model, from which exposure estimates 
can be made. 

3. Because of the importance of misclassification of active 
smoking status, repeated and complementary efforts to determine 
and corroborate smoking status should be made in the collection 
of exposure data. Specific probes regarding former smoking status 
might be included in the questionnaire, even if the study subject 
has defined himself or herself as a nonsmoker. 

4. Confounding factors should be considered in the design, 
collection, and use of questionnaire data. These will vary with 
the health effect being assessed. The evaluation of ETS expo¬ 
sures should attempt to assess all such exposures, including both 
the home and work environment rather than focus solely on the 
smoking status of one family member, e.g., spouse. 

5. The comparability of questionnaires used to assess ETS has 
not been established, and this would be desirable. 
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7 

Exposure-Dose Relationships for 
Environmental Tobacco Smoke 


ESTIMATING DOSE 

When considering the risks of exposure to environmental to¬ 
bacco smoke (ETS) by nonsmokers, it is not enough to evaluate 
exposure and response. The actual dose received should be con¬ 
sidered. Typically, for smokers, the exposure is given in terms of 
number of cigarettes smoked per day or cumulative pack-years. 
For nonsmokers, the exposure is usually characterized in terms of 
particle or gas concentration in micrograms per cubic meter. But 
what is known about the total integrated dose to the respiratory 
tract resulting from exposure to ETS by nonsmokers? What frac¬ 
tion of inspired particles and gases is deposited and fails to exit 
with the expired air? Moreover, what is the fate of the deposited 
smoke? 

Although highly variable in concentration, ETS includes many 
of the same constituents as the smoke entering the active smoker’s 
lungs. Both particulate and gaseous phases are present, as de¬ 
scribed in Chapter 2. In principle, the retained dose for either 
inhaled particles or gases can be approximated in a straightfor¬ 
ward manner: 

Dose = V X [C] X CE. (7-1) 

The deposited dose, in micrograms per hour, equals the ventilation 
rate in cubic meters per hour (V) times the concentration of par¬ 
ticle or gas in the inspired air in milligrams per cubic meter ([<?]), 
times the collection efficiency (CE). CE has no dimensions; it is 
the fraction of the inhaled particle or gas that deposits and thus 


120 


fails to exit with the expired air. Thus, the dose is directly pro¬ 
portional to three variables: ventilation, pollutant concentration, 
and the fraction deposited. 

First, consider ventilation (V"). The standard 70-kg adult 
at rest breathes about 7.5 L/min (International Commission on 
Radiological Protection, 1975). However, a value of 20 L/min 
would be more appropriate for adults in indoor environments who 
periodically stand, walk, type, or perform other modest tasks. 
During heavy exercise, ventilation can increase by a factor of as 
much as 10, to exceed 100 L/min (International Commission on 
Radiological Protection, 1975). 

The concentration of various constituents in ETS ([C]) that 
might be encountered in various situations has been discussed in 
Chapters 2 and 5. 


PARTICLE SIZE 

For particles, collection efficiency ( GE ) is determined primar¬ 
ily by two factors: particle size and breathing pattern. If the 
geometric size, shape, and density of the individual particles or 
droplets are known, then the distribution of particle diameters can 
be described. Because it is a better predictor of the behavior of 
the particle in the respiratory tract, aerodynamic diameter rather 
than optical measurement is used to express the range of particle 
sizes. Aerodynamic diameter is defined as the diameter of a sphere 
of unit density that has the same settling velocity as the particle 
being measured. It may be expressed as the count median aerody¬ 
namic diameter (CMAD) or mass median aerodynamic diameter 
(MMAD). These are, respectively, the diameters for which half of 
the number (or mass) of the particles are less than that diameter 
and for which half exceed it. 

The particles in mainstream cigarette smoke have been mea¬ 
sured by several investigators using a variety of analytical devices. 
Because of the different apparatus and methods of smoke genera¬ 
tion and dilution, results vary. However, to an order of magnitude, 
the findings are reasonably consistent. McCusker et al. (1983) 
used a device called the single particle aerodynamic relaxation 
time (SPART) analyzer to size mainstream particles from several 
brands of cigarettes, with and without filters. The MMAD for all 
brands averaged approximately 0.46 mm and was not markedly 


different when the filters were removed. Particulate concentra¬ 
tions per milliliter ranged from 0.3 x 10 9 to 3.3 x 10 9 , depending 
on whether the cigarettes were rated ultralow, low, or medium in 
tar content. 

Hinds (1978) compared the particulate size distribution in 
cigarette smoke using an aerosol centrifuge and a cascade impactor. 
Although these devices are based on different physical principles, 
the MMAD values were comparable to those measured by Mc- 
Cusker et al. (1983), ranging from 0.37 to 0.52 fim. Variations 
depend primarily on the dilution of the smoke. Keith and Derrick 
(1960) used a specially modified centrifuge, termed a conifuge, to 
analyze cigarette smoke and reported MMAD and concentration 
values similar to Hinds (1978) and McCusker et al. (1983). Partic¬ 
ulate analysis by a light-scattering photometer yielded a MMAD 
of 0.29 ixm and particulate concentrations of 3 x 10 10 /ml. 

Time and concentration can modify tobacco smoke. Cigarette 
smoke aerosols contain volatile components, and evaporation grad¬ 
ually reduces particle diameters. It is also true that when the par¬ 
ticle concentrations are extremely high, like those encountered in 
mainstream smoke, the aerosol can agglomerate rapidly because 
nearby particles collide with each other and coalesce. If smoke is 
cooled (reducing the vapor pressure of volatile components) and 
diluted in room air (reducing the probability of particle collisions), 
the size of the particles will become more stable. Particle size may 
also change within the human respiratory tract. After air contain¬ 
ing smoke is drawn into the mouth and upper respiratory tract, it 
becomes humidified. Smoke particles can grow in size because of 
their affinity for water, termed hygroscopicity (Hiller, 1982a). 

BREATHING PATTERN 

Particle size is a critical factor in determining the collection 
efficiency, but breathing pattern is also important For example, 
large slow tidal volumes will favor alveolar deposition, while high 
inspiratory flows will promote deposition at bifurcations in the air¬ 
ways. Breath-holding is also important. The greater the elapsed 
time before the next expiration, the higher the fraction of inspired 
particles deposited, since there is more time for particles to sedi¬ 
ment or diffuse. Individual anatomic differences may influence the 
amount and distribution of deposited particles. The cross section 
of airways will influence the linear velocity of the inspired air. 



casing alveolar size decreases alveolar deposition. Preexisting 
ise can also modify the deposition of smoke. For environmen- 
iobacco smoke (diameters of particles ranging from 0.1 pm 
yum) the sedimentation and diffusion mechanisms will be the 
lary mechanisms of deposition. 

Changes in the rate and pattern of breathing associated with 
ise can also affect the total dose of cigarette particulates 
jsited in the lungs. Bennett et al. (1985) reported that exer- 
increased the percent deposition of experimentally generated 
sols (MMAD of 2.6 pm) in human subjects. The reason for this 
rvation was that during exercise, breathing patterns change 
at flow rates are increased. Increasing the flow rates also 
eases the inertial impaction. Also, exercise is frequently asso- 
ed with a shift from nose to mouth breathing. Consequently, 
filtration of large particles that takes place in the upper respi- 
ry tract no longer occurs. Increased deposition was also mea- 
d in exercising hamsters that inhaled a radiolabelled aerosol 
ivity median diameter of 3 pm) (Harbison and Brain, 1983). 
se results are relevant to those who breathe air containing ETS 
n their minute ventilation is increased while working or during 
ods of exercise. 

IPOSITION OF CIGARETTE SMOKE PARTICLES 

The factors discussed in the previous sections indicate that ex¬ 
mental measurements of the concentration of smoke aerosols 
ndoor environments, i.e., exposure concentrations, are insuf- 
nt for predictions of smoke deposition. ETS smoke is con- 
itly changing, thereby complicating the collection of accurate 
reproducible data regarding its particulate size. In addition, 
rations in respiratory structure and respiratory rate can affect 
osition of particulates. These complexities stress the impor- 
:e of actual measurement of regional deposition of cigarette 
ike particles in human lungs. However, little is published on 
important area, despite the prevalence of passive smoking 
concerns about its impact on human health. The majority 
he available information on deposition of particles present in 
irette smoke is based on theoretical or physical models of the 
is and measurements of differences between the concentrations 
bacco smoke aerosol or model aerosols in inhaled and exhaled 


A model to predict the percent ot deposition ot particles based 
on MMAD was developed by the Task Group on Lung Dynamics 
(1966) of the International Commission on Radiological Protec¬ 
tion. The respiratory tract was divided into three main regions: 
nasopharynx, trachea and bronchi, and the alveolar. In conjunc¬ 
tion with estimates of particle clearance, deposition calculations 
were made for these regions at three different inhalation volumes. 
This model suggests that about 30% of the particles within the 
size range present in cigarette smoke will deposit in the alveolar 
region and 5-10% in the tracheobronchial region. This model also 
emphasizes the impact of particle solubility on the total integrated 
dose with time. Brain and Valberg (1974) developed convenient 
nomograms and a computer program to calculate how particle 
solubility and particle size significantly affect the net amount of 
particulates retained in the lungs. Although the basic outline of 
the model is generally correct, more recent measurements suggest 
that values for alveolar deposition of particles 0.1-1.0 fin i are too 
high by a factor of at least 2 (Heyder, 1982). The extent to which 
ETS particles are hygroscopic and increase in size within the respi¬ 
ratory tract is an important and unresolved issue that adds further 
uncertainty. 

Aerosol deposition has also been studied in airway casts. Phys¬ 
ical models of the upper airways of human lungs have been made 
by a double-casting technique to study particulate deposition at 
several airway generations (Schlesinger and Lippman 1972). Dif¬ 
ferent flow rates and particle sizes were used to study deposition 
patterns. Schlesinger and Lippman (1978) reported a correlation 
between the deposition sites of test aerosols in their lung casts 
and the most common sites of origin of bronchogenic carcinoma 
in smoking humans. Both occurred preferentially at bifurcations. 
Martonen et al. (1983) added an oropharyngeal compartment and 
a replica cast of the larynx to the tracheobronchial casts in or¬ 
der to better simulate airflow patterns in the upper respiratory 
tract. They used these models to evaluate the amount of cigarette 
smoke condensate deposited in the airways at different flow rates. 
More condensate was present in areas where airways branched 
and especially at the bifurcation points, indicating increased lev¬ 
els of impaction. Aerosol was also deposited preferentially along 
posterior airway walls of the branching regions. 

Hiller et al. (1982a) measured the collection efficiency in adults 
of an aerosol containing three different sizes of polystyrene latex 



iheres in nonsmoking humans. They measured a 10% deposition 
r 0.6- fzm. (MMAD) spheres, which is similar to the results of 
avies et al. (1972) and Muir and Davies (1967) using 0.5-/nm 
:rosols and Heyder (1982) using aerosols that were 0.2 to 1.0 
n in size. The size ranges of these aerosols are comparable to 
lose experimentally measured in cigarette smoke, as previously 
scussed. 

In contrast to passive smoking, the estimates of the collection 
Eciency of smoke particles during active smoking are substan- 
ally higher (about 70%) for at least two reasons (Hiller et al., 
)82b). First, the much higher particulate concentrations in main- 
ream smoke may give rise to more agglomeration and greater hy- 
roscopic growth in the respiratory tract. Both processes produce 
rger particles with higher collection efficiencies. Second, and 
tore important, the breathing pattern used by the active smoker 
markedly different than normal breathing. It is characterized 
Y a slow deep inspiration followed by breath-holding. This in- 
•eases the average residence time of the smoke particles and thus 
icreases the fraction of inhaled particles that deposit in the lung. 

To compare the amount of smoke deposited in the lungs of an 
ctive smoker with an individual exposed to ETS, first consider a 
ck-a-day smoker (about 20 cigarettes during an 8-hour period), 
'he average tar rating in mainstream smoke (MS) over the past 
suple of decades has been about 14 mg/cigarette. Therefore, the 
ital amount of tar inspired is 280 mg/8 h. Assuming a collection 
fficiency of 70%, the amount of tar deposited is 196 mg/8 h. 

As pointed out in Chapter 5, smoke particles can range from 
0 to 500 /jg/m 3 in public places where smoking occurs and from 20 
3 150 /ig/m 3 in homes with smokers. Consider a nonsmoker who 
reathes at 10 L/min, or 4,800 L/8 h. With modest exercise, this 
ould increase to 20 L/min, or 9,600 L/8 h. Based on estimates 
y Hiller et al. (1982a,b), the collection efficiency of particles in 
ITS is about 10%. Therefore, the total amount of smoke particles 
eposited in a nonsmoker in these environments for 8 h could range 
rom approximately 0.0096 mg/8 h = 20 n g/m 3 x 4.8 m 3 /8 h x 0.1 
an extreme of 0.5 mg/8 h = 500 /itg/m 3 x 10 m 3 /8 h x 0.1. This 
rould be approximately 0.005% to 0.26% of that amount of tar 
leposited in the active smoker’s lungs after smoking 20 cigarettes, 
['he active smoker, of course, also breathes the ETS, so that the 
otal dose received by the active smoker is the mainstream smoke 
ilus a passive smoking dose equivalent to that received by the 


nonsmoker exposed to ETS. However, since the dose received due 
to breathing ETS-contaminated air is so small, this additional 
contribution to the total dose is negligible. 

Benzofa]pyrene (BaP) is one of the primary constituents of 
particles in mainstream smoke. From Table 2-10 one can estimate 
that a nonsmoker exposed to ETS receives a higher relative dose of 
BaP than of RSP. However, the ambient measurements, which are 
used to estimate the dose for the nonsmoker, may be elevated in 
view of the high outdoor concentrations that are reported in these 
studies. More data on the fate of BaP in ETS and on ambient 
concentrations are needed before estimates of the relative doses 
can be made meaningfully. 

Although the amount of smoke deposited in the lungs of non- 
smokers during exposure to ETS is small compared with that 
encountered by the active smoker regarding mainstream smoke, it 
may differ in composition and toxicity. For example, as discussed 
in Chapter 2, certain constituents are present in much higher con¬ 
centrations in sidestream smoke as compared with mainstream 
smoke (Weiss et al., 1983). These possible differences in composi¬ 
tion must be explored. 


PARTICLE RETENTION IN THE LUNGS 

The amount of particles present at different sites in the lungs is 
not only dependent on deposition. Retention of smoke depends on 
the balance between the amount of each constituent that deposits 
in the respiratory tract and the efficiency of the lung clearance 
mechanisms in the airways and alveoli. Clearance mechanisms 
are a dynamic component of normal lung function and operate 
to keep the lung clean and sterile. Particles depositing in the 
airways are entrained in the mucus layer that lines the airway. 
This layer is swept toward the mouth by the action of ciliated cells 
and eventually swallowed. Mucus transport is approximately 1-2 
cm per minute in the trachea, but is slower in smaller airways. 
In addition, macrophages present in the airways may phagocytose 
deposited particulates and be carried towards the mouth by the 
mucociliary transport system. Particulates reaching the alveolar 
region—those that are usually less than several micrometers— 
are soon engulfed by alveolar macrophages. Some of these cells 
gradually migrate towards the airways and exit the lung via the 


mucociliary escalator. Dissolution of particles is an additional 
important clearance mechanism. 

Lung disease and cigarette smoking itself can affect particle 
clearance and retention in smokers’ lungs. Previous studies have 
shown that smokers have different aerosol deposition patterns and 
slower clearance rates than nonsmokers (Albert et al., 1969; San- 
chis et al., 1971; Cohen et al., 1979). These alterations in clear¬ 
ance are, in part, caused by components within cigarette smoke 
that affect the quantity and rheological properties of the mucous. 
Components of cigarette smoke, also, can impair phagocytosis by 
alveolar macrophages (Ferin et al., 1965). Clearance mechanisms 
in smokers may be further compromised by lung diseases, such an 
emphysema and fibrosis, and by exposure to other air pollutants. 

Measurements of the long-term retention of compounds as¬ 
sociated with cigarette particulates in the lungs are difficult to 
estimate from data obtained with airway casts or from differences 
between inhaled and exhaled aerosol concentration, since these 
methods do not take into account clearance mechanisms. Un¬ 
fortunately, few data are available regarding the actual retention 
and sites of deposition of cigarette smoke particles in either non¬ 
smoking humans or animals exposed to ETS. The most accurate 
method that could be used is quantification of particulate deposits 
in individual pieces of tissue dissected from the lung. Impossible 
in living animals, this is a tedious procedure in animal lungs or 
human material obtained at surgery or autopsy and is especially 
difficult for large lungs. One can also attempt to quantify dose by 
examining saliva, serum, or urine. These possibilities are discussed 
in Chapter 8. 

GASES IN ENVIRONMENTAL TOBACCO SMOKE 

In addition to the particulate phase, we must also consider 
exposure-dose relationships for gases in ETS. As before, breathing 
pattern influences gas uptake. Of particular importance is the 
difference between oral and nasal breathing. Breathing by mouth 
increases the exposure of the airways, while breathing by nose (as 
would be true for nonsmokers exposed to ETS most of the time) 
offers some protection for the lower respiratory tract. 

The most important variable determining the amount and site 
of uptake is the water solubility of the gas in question. Gases that 
are highly soluble in water, such as formaldehyde or acrolein, will 



be almost completely removed by the upper respiratory tract, es¬ 
pecially during nasal breathing. The concentration of other gases, 
such as the oxides of nitrogen, which have an intermediate solu¬ 
bility, will decrease as the inspired bolus penetrates deeper and 
deeper into the lungs. There will be uptake of gas in the upper 
airways, but significant amounts will also penetrate to respiratory 
bronchioles and alveoli. Finally, there are gases of low solubility, 
such as carbon monoxide. No significant uptake of CO occurs 
in the upper airways, and it is only slowly absorbed across the 
air-blood barrier. In the absence of heavy exercise and very high 
ventilation rates, many hours are required to establish an equilib¬ 
rium between inspired CO and carboxyhemoglobin in the blood. 

As was true for particles, we can estimate the gas uptake for 
active smokers and for passive smokers. As reviewed in Chapter 
2, CO from ETS can range from less than 1 to 8 ppm. If the 
background air has little or no CO, even the upper estimates of 
8 ppm will have a negligible effect on carboxyhemoglobin levels. 
Almost 2 hours would be required to reach 1% carboxyhemoglobin 
(Peterson and Stewart, 1975). This is approximately the same 
as background levels of carboxyhemoglobin, which are associated 
with endogenous production of carbon monoxide. Even after 15 
hours, when the equilibrium value of 1.7% COHb is finally reached, 
the effect should be insignificant. However, if air pollution from 
mobile and stationary sources produces higher background levels 
of CO, then an incremental exposure of 1 to 8 ppm could produce 
some added burden of carboxyhemoglobin. 

Reactive or highly soluble gases such as formaldehyde, acro¬ 
lein, or oxides of nitrogen present a different situation. Acrolein 
has a very high water solubility (40 g/100 ml). Because of this 
high solubility in the airway lining fluids, one would anticipate 
a collection efficiency approaching 100%. Moreover, this would 
occur rapidly, so that acrolein is classified as an upper respiratory 
tract irritant. According to Table 2-10, there are between 60 
and 100 fig of acrolein generated per cigarette. Thus, from 20 
cigarettes, 1.2 to 2,0 mg of acrolein would be deposited in the 
respiratory tract of the active smoker. 

Chapter 2 suggests that levels of acrolein in public places 
where smoking is permitted could range from 10 to 50 (j. g/m 3 . 
Using similar assumptions to that made for particles, we estimate 
that the nonsmoker would inhale 4.8 to 10 m 3 of air per 8 hours. 
Assuming a collection efficiency of 100%, the total amount of 


to 0.5 mg. We select 1.6 mg/8 hours as the mid-range 
>r the active smokers, which assumes 20 cigarettes smoked 
ours with 80 (j .g acrolein per cigarette. Using this value, 
insmoker exposed to ETS for 8 hours would then receive 
cimately 3 to 31% of that received by the active smoker, 
the contribution of ETS is included for the active smoker, 
nsmoker exposed to ETS for 8 hours would receive between 
24% of that of an active smoker. The relatively high dose 
)lein received by the nonsmoker reflects the high collection 
icy for this hydrophilic component and the persistence of 
phase components in the air even when filtration is used. 
2-10 gives comparisons of the amount of other materials 
;d for both active smokers and individuals exposed to ETS 
lorter periods of time. 


SUMMARY AND RECOMMENDATIONS 

number of studies have measured the levels of specific con¬ 
its of ETS under natural conditions (reviewed in Chapters 2 
. The extrapolation from relative exposures to relative doses 
ed is difficult. Variation in the percent of time individuals 
in particular environments such as home, workplace, and so 
and the variations in uptake and clearance, discussed in this 
5r, will affect the actual dose received. 

sing a simple, first-approximation model for exposure and 
ion, the relative daily dose received for a nonsmoker exposed 
'S can be compared with the dose received by an active 
:r. For RSP, the estimates were up to 0.26%. For acrolein, 
rophillic, vapor-phase constituent, the relative dose is es- 
jd to be much higher, 3 to 31%, whether or not the ETS 
are of the active smoker is considered. Nicotine, another 
tuent that appears primarily in the vapor phase of ETS, has 
imated relative dose of up to 1% (see Chapter 8). 
he extent to which these are indicative of the relative ex¬ 
es to specific constituents that are important for particular 
i effects in active smokers or in nonsmokers exposed to ETS 
t be determined for any of the health effects reviewed later 
s report. Nevertheless, the estimated relative exposures give 
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8 

Assessing Exposures to 
Environmental Tobacco Smoke 
Using Biological Markers 


Previous chapters have dealt with the formation and compo¬ 
sition of tobacco sidestream smoke, its contribution to environ¬ 
mental tobacco smoke (ETS), and the conditions that govern the 
physicochemistry and toxicity of ETS. Personal monitoring of ex¬ 
posure and analysis of the respiratory environment enable us to 
estimate the level of toxic agents for individuals exposed to ETS. 
Studies on the uptake of smoke constituents by individuals and 
on the metabolic fate of such constituents can provide informa¬ 
tion relative to epidemiologic observations and the actual exposure 
levels of different populations. 

Exposure to ETS may depend on several factors, including 
the number of smokers in an enclosed area, the size and nature of 
the area, and the degree of ventilation. Thus, optimal assessment 
of exposure should be done by analysis of the physiological fluids 
of exposed persons rather than by analysis of respiratory environ¬ 
ment. The development of new biochemical methods enables us 
to obtain measurements of exposure to ETS by determining the 
uptake of specific agents in body fluids and calculating the risk 
relative to that of the exposure of active smokers. The uptake 
of individual agents from ETS can be determined by biochemical 
measures that have been developed for assessment of active smok¬ 
ing behavior, as long as these measures are sensitive and specific 
enough for quantitating exposure to such agents by nonsmokers. 
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PHYSIOLOGICAL FLUIDS 
Thiocyanate 

The hydrogen cyanide (HCN) absorbed from tobacco smoke 
is detoxified in the liver, yielding thiocyanate (SCN - ). However, 
SCN - in serum and other biological fluids does not exclusively 
originate from inhaled tobacco smoke. Thiocyanate also can be 
derived from the diet (Haley et al., 1983; Jarvis, 1985). 

Before 1975, primarily two colorimetric methods were used 
for the manual determination of thiocyanate in biological flu¬ 
ids (Aldridge, 1944; Bowler, 1944). Subsequently, the automatic 
method by Butts et al. (1974) has found wide application in com¬ 
paring physiological fluids from smokers and nonsmokers. It en¬ 
tails determination of thiocyanate by its reaction with ferric ions, 
which yield a color complex with maximal absorbance at 460 nm, 
the intensity of which can be measured in an autoanalyzer. In sera 
of nonsmokers, Butts et al. (1974) determined up to 95 (j. mol/L 
of SCN - . The critical value in differentiating between smokers 
and nonsmokers was 85 /imol/L of SCN - . In other investigations, 
100 /imol/L of SCN - was found to be the critical level for serum 
(Junge et al., 1978) and for saliva (Luepker et al., 1981). This fact 
and the low concentrations of HCN in ETS (Hoffmann et al., 1984) 
explain why some investigators were unable to distinguish between 
nonsmokers exposed to ETS and those without any exposure to 
tobacco smoke (Hoffmann et al., 1984; Jarvis, 1985). 

Similarly, the mean serum level of SCN - in healthy pregnant 
women at term who were exposed to ETS (35.9 /xmol/L) was 
not distinctly different from that in those without ETS exposure 
(32.3 fj, mol/L), nor was there a measureable difference in SCN - 
levels in the umbilical cords of the neonates (26 versus 23 /xmol/L) 
(Hauth et al., 1984). 

In one study, it appeared that there was a trend toward higher 
thiocyanate levels in the saliva of nonsmoking children residing 
with smokers compared to the SCN - levels in saliva of children 
without ETS exposure, yet this trend was insignificant (Gillies 
et al., 1982). In a study of six volunteer nonsmokers exposed to 
a smoke-filled room for 4 hours, there was a significant increase 
in salivary SCN - . However, the SCN - values of the nonsmokers 




exposed to ETS were not distinguishable from those nonsmokers 
free of tobacco smoke exposure (Pekkanen et al., 1976). 

In another study, mean serum thiocyanate levels were reported 
to be significantly higher (p < 0.002) for children and adolescents 
with exposure to cigarette smoke at home (n = 14; SCN~ = 
97.3 ± 45.4 /xmol/L) than for those not exposed (n = 10; SCN~ = 
54.2 ± 11.3 /xmol/L). The authors of the latter study also reported 
a weak correlation between thiocyanate concentration and number 
of cigarettes smoked per family (Poulton et al., 1984). This study 
was criticized because some of the determined thiocyanate levels 
were within the range reported for heavy cigarette smokers. It 
is likely that there was deceptive reporting of adolescent smoking 
status (Jarvis, 1985). Based on the observations to date, the level 
of thiocyanate in saliva, serum, and/or urine is not useful as an 
indicator for the uptake of ETS by a nonsmoker. 


Carbon Monoxide and Carboxyhemoglobin 

Carbon monoxide (CO) in the body originates from endoge¬ 
nous processes as well as environmental sources. The endogenous 
production of CO is primarily a consequence of the breakdown 
of hemoglobin and of other heme-containing pigments. Healthy 
adults produce about 0.4 ml of CO per hour (0.5 mg/h; Coburn et 
al., 1964). This provides the major portion of CO that is found as 
carboxyhemoglobin (COHb) in nonsmokers. In nonsmokers with¬ 
out occupational exposure to CO, COHb ranges from 0.5 to 1.5% 
(National Research Council, 1981; Wald et al., 1981). 

The inhalation of CO from the environment is followed by 
an increase of the CO concentration in the alveolar gas and by 
diffusion from the gas phase through the pulmonary membrane 
into the blood. CO is complexed with blood to form COHb and, 
as such, is transported throughout the body. Complexing it with 
hemoglobin occurs with a strong coordination bond with the iron 
of heme, a bond that is about 200 times stronger than that with 
molecular oxygen. CO is only slowly released from the blood 
in the process of exhaling. In the case of nonsmokers who have 
been exposed to elevated levels of CO in the air for a few hours, 
the half-life of COHb lasts 2-4 hours (National Research Council, 
1981). 

Monitoring of absorbed CO in the blood is done primarily by 
the analysis of CO in alveolar gas and by the analysis of COHb 



of COHb to alveolar CO should be about 0.155 at CO concentra¬ 
tions of 0-50 ppm. Most laboratory studies have confirmed this 
correlation experimentally (National Research Council, 1981). In 
the case of cigarette smokers who have inhaled puffs of smoke con¬ 
taining 20,000-50,000 ppm of CO, the correlation between exhaled 
CO and COHb is also in good agreement (r = 0.97; Heinemann et 
al., 1984). 

The COHb levels are of value for comparing degrees of smoke 
inhalation. In a study of men aged 34-64 years, cigarette smok¬ 
ers had on the average 4.7% of COHb; cigar smokers, 2.9%; pipe 
smokers, 2.2%; and nonsmokers, 0.9% (Wald et al., 1981, 1984). 
However, measurements of exhaled CO or COHb are not valid in¬ 
dicators of chronic exposure to ETS. A study of 100 self-reported 
nonsmokers who were divided into four groups—without exposure 
to ETS, with little, with some, and with a lot—revealed no sig¬ 
nificant differences in measurements of expired CO (5.0-5.7 ppm; 
mean, 5.61 ± 2.70 ppm) or COHb (0.80-0.94%; mean, 0.87 ± 
0.67%) (Jarvis and Russell, 1984). This observation is also sup¬ 
ported by a study of six nonsmoking flight attendants who served 
in the smokers’ section of a trans-Pacific aircraft. Preflight COHb 
levels were 1.0 ± 0.2% and postflight levels (after serving round- 
trip) were 0.7 ± 0.2% (Foliart et al., 1983). 

Heavily smoke-polluted environments can lead to elevated ab¬ 
sorption of CO. This was shown for seven nonsmokers exposed 
for 2 hours in a pub, whose exhaled air revealed an average of 
5.9 ppm of CO, a level that corresponds to the alveolar gas of a 
smoker after smoking one cigarette (Jarvis et al., 1983). Another 
study showed that twelve nonsmokers, sharing the nonaircondi- 
tioned environment of a room with four smokers who smoked four 
cigarettes each within 30 minutes, had an COHb increase of the 
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yen though tobacco smoke is a major source for indoor air 
;ion, additional sources may contribute to increased CO con¬ 
ations in air and, consequently, to higher COHb levels in 
ed subjects. Such sources include gas stoves, faulty furnaces, 
pace heaters (National Research Council, 1981). For exam- 
erosene heaters can be a major source for indoor pollution, 
iding on the model and flame setting, kerosene space heaters 
ate up to 6.5 mg of CO per minute of operation (Leaderer, 

i summary, CO in alveolar air and as COHb in nonsmokers 
ates from endogenous processes as well as from environmen- 
urces. ETS is an important pollutant of indoor environments; 
'er, except for highly polluted settings, CO levels in exhaled 
:d COHb levels in the blood are not statisically significantly 
ed following exposure to ETS, although acute short-term 
ures from 3-4 hours may be detected if blood or expired air 
lpled within 30 minutes of the end of exposure. In sum, how- 
measurements of exhaled CO and of COHb. are not useful 
itors of exposure to ambient ETS except in acute exposure 
:s in the laboratory. CO measures are a marker of gas-phase 
ure to ETS. 


Nicotine and Cotinine 

>isregarding nicotine-containing chewing gum and nicotine 
ol rods as aids for smoking cessation, the presence of nicotine 
;hat of its major metabolite, cotinine, in biological fluids 
;irely due to the exposure to tobacco, tobacco smoke, or 
3nmental tobacco smoke. The determination of nicotine and 
,ne in saliva, blood, or urine of active and passive smokers 
le primarily by gas chromatography (GC) with a nitrogen- 
,ive detector and by radioimmunoassay (RIA). 

'he GC method requires great precaution in order to avoid 
mination by traces of nicotine from the environment or from 
its and/or equipment. This is of major importance for sam- 
ontaining nicotine at levels <20 ng/ml of fluid, as is the case 
smokers exposed to ETS (Feyeraband and Russell, 1980). 
1C method can be used to measure concentrations of nicotine 
/ as 1 ng/ml and concentrations of cotinine as low as 5 ng/ml 


enced biochemist with automated equipment tan analyse up to ou 
samples (plus 20 control samples) per day. So far, the RIA method 
has been used by a limited number of laboratories because it re¬ 
quires the synthesis of specific nicotine and cotinine derivatives 
for the generation of serum albumin conjugates and the raising of 
antibodies to these conjugates (Langone et al., 1973). In addition, 
the RIA method also requires careful drawing and handling of 
samples to avoid contamination. 

Table 8-1 presents results from the major studies on the up¬ 
take of nicotine by nonsmokers under acute exposure conditions. 
These data show that exposure to high levels of ETS in labora¬ 
tories can lead to a significant uptake of nicotine. This uptake is 
clearly reflected in the concentrations of nicotine in plasma (up 
to 0.9 fig/ml for nonsmokers compared with a mean value of 14.8 
/ig/ml for smokers, an increase of 15-fold) and in urine (84 ng/ml 
for nonsmokers, compared with 1,750 ng/ml, a increase of 20-fold) 
(Russell and Feyeraband, 1975; Hoffmann et al., 1984). The sig¬ 
nificantly higher values for nicotine in the plasma compared to 
urine may be explained by the short initial half-life in smokers of 
9 minutes and relatively short terminal half-life in smokers of 2 
hours (Benowitz et al., 1982). 

Table 8-2 presents data for nicotine and cotinine uptake as 
measured in physiological fluids of nonsmokers exposed to ETS 
under daily life conditions. With the exception of the report by 
Matsukura et al. (1984), the data demonstrate that the involuntary 
exposure of the passive smoker amounts to a few percent or less 
of the amount of nicotine that is inhaled by a cigarette smoker. 
Table 8-3 compares nicotine and cotinine levels as determined 
in one laboratory in plasma, saliva, and urine of nonsmokers with 
and without ETS exposure and of active smokers. This comparison 
shows that, generally, concentrations of nicotine and cotinine in 
plasma, saliva, and urine of nonsmokers exposed to ETS amount 
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ima give a higher reading (Jarvis et al., 1984). 

In a large-scale study of 839 nonsmokers (identified by their 
3tionnaire response and also having a cotinine concentration of 
i ng/ml of saliva), cotinine levels increased with the number of 
ikers in the home for each of three age groups examined inde- 
dently (<5, 6-17, and >18 years). The cotinine levels in saliva 
e found to be significantly associated with increasing number 
mokers per household within each age group. The median 
vary cotinine levels in adult smokers was 287 ng cotinine/ml 
ultas et al., 1986). 

Matsukura et al. (1984) report that cotinine in the urine of 
3-exposed nonsmokers reaches an average of 1.56 ± 0.57 /zg/mg 
reatinine when 40 or more cigarettes per day have been smoked 
he home of the exposed subjects. In the case of cigarette smok- 
they found cotinine levels of 8.57 ± 0.39 /zg/mg of creatinine 
irine. This study has been questioned because its findings of 
nine in urine of both active and passive smokers indicate levels 
stantially higher than those reported in other studies (Adlkofer 
.1., 1985; Pittenger, 1985) (see Chapter 12). 

Nicotine uptake by infants of cigarette-smoking mothers ap- 
s to be higher than is generally observed for the adult non- 
>ker. The amount of cotinine excreted in the infant’s urine 
been found to be correlated with the number of cigarettes 
>ked by the mother in the 24 hours preceding the measurement 
eenberg et al., 1984). 

The analysis of nicotine and cotinine in physiologic fluids can 
misleading if made on very light smokers or nonsmokers who 
ier sniff tobacco or are tobacco chewers or snuff-dippers. In the 
; of the very light smoker, nicotine and cotinine values may be 
ilar to those of nonsmokers who had exposure to high levels of 
3 (Russell and Feyerabend, 1975; Wald et al., 1984). In the 
; of individuals who use tobacco nasally, or orally, on a regular 
is, the nicotine and cotinine values may approach those of 
vy cigarette smokers (Russell et al., 1980; Russell et al., 1981; 
ladino et al., in press). In both groups, the analysis of COHb 
reveal that these subjects are light smokers or nonsmokers, 
>ectively. However, nicotine and cotinine levels for such persons 
clearly not valid for the determination of their exposure to 
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table 8-3 Approximate Relations of Nicotine as a Parameter Between 
Nonsmokers, Passive Smokers, and Active Smokers" 



Nonsmokers without 
ETS Exposure 

No. = 46 

Nonsmokers with 

ETS Exposure 

No. = 54 

Active Smokers 
No. = 94 

Nicotine/Cotinine 

Mean 

Value 

% of Active 

Smokers' 

Value 

Mean 

Value 

% of Active 

Smokers' 

Value 

Mean Value 

Nicotine (ng/ml) 

in plasma 

1.0 

7 

0.8 

5.5 

14.8 

in saliva 

3.8 

0.6 

5.5 

0.8 

673 

in urine 

3.9 

0.2 

12.1* 

0.7 

1,750 

Cotinine (ng/ml) 

in plasma 

0.8 

0.3 

2.0* 

0.7 

275 

in saliva 

0.7 

0.2 

2.5** 

0.8 

310 

in urine 

1.6 

0.1 

7.7** 

0.6 

1,390 


“Differences between nonsmokers exposed to ETS compared with nonsmokers without ex¬ 
posure: *p < 0.01; **p< 0.001. 


SOURCE: Jarvis et al., 1984. 


Cotinine elimination in the plasma of nonsmokers exposed 
to ETS was reported to be slower than cotinine elimination in 
the plasma of active smokers. Cotinine elimination from urine 
was also significantly slower. In a study of 10 chronic smokers 
and 4 nonsmokers experimentally exposed to ETS, the half-life of 
elimination of cotinine from plasma was 49.7 hours in nonsmokers 
and 18.5 hours in smokers (Sepkovic et al., 1986). Disappearance 
of cotinine from urine was also significantly slower in nonsmokers 
than in chronic smokers (32.7 hours versus 21.9 hours). These 
preliminary data need to be considered when using cotinine to 
quantify the dose in nonsmokers exposed to ETS. 

In summary, the determination of nicotine and, especially, of 
cotinine in saliva, blood, and/or urine of nonsmokers exposed to 
ETS represents at present the most appropriate assay for estimat¬ 
ing long-term (average daily) exposure. However, venipuncture 
needed to get serum samples is often impractical, if not impos¬ 
sible. The use of saliva for nicotine and cotinine assays, despite 
some advantages, also has certain inherent weaknesses, such as 
uncharacteristically high readings immediately after heavy ETS 
exposure and the need to wait several hours after exposure for the 



Dtinine concentration to stabilize (Hoffmann et al., 1984). Saliva 
i a particularly erratic source on which to make nicotine measures. 
Urinalysis for cotinine is the preferred method for assessment of 
mg-term ETS exposure, because the sampling is noninvasive, the 
xcretion rate of cotinine is only slightly dependent on the pH of 
rine, and assessment of the average daily exposure on the ba- 
is of cotinine levels is independent of the restrictions posed by 
riations of the half-life of nicotine in smokers and nonsmokers 
Beckett et al., 1971; Klein and Gorrod, 1978). 


Creatinine—Reference Compound for Urine Analysis 

Urine sampling does have some associated problems. Often it 
i impractical to collect 24-hour urine samples for the analysis of 
iological markers of direct exposure to tobacco smoke or to ETS 
nless undertaken under strict medical supervision, such as in a 
retabolic ward. In this case, the ratio of biological markers to 
reatinine is often used to allow for variations in fluid intake (and 
xcretion) (see Table 8-1). 

Creatinine excretion varies from person to person, but the 
aily output for each individual is almost constant from day to 
ay. Urinary creatinine bears a direct relation to the muscle mass 
f the individual. The milligram amount of creatinine excreted 
uring 24 hours per kilogram of body weight is often expressed as 
he creatinine coefficient. The coefficient varies from 18 to 32 in 
len (total excretion 1.1-3.2 g/day) and from 10 to 25 in women 
total excretion 0.9-2.5 g/day). The coefficient is largely indepen- 
ent of variations in diet, since creatinine in healthy persons is of 
dogenous origin. In older people, the daily output of creatinine 
aay decrease to 0.5 g/day. In cigarette smokers, urinary output 
f creatinine in men appears to decrease with greater number of 
igarettes smoked per day (Adlkofer et al., 1984). However, this 
inding needs to be confirmed. 

Based on the variations in daily creatinine excretions in the 
irine, one has to be aware of the limitation of the factor “amount of 
liological marker per milligram of creatinine.” In a study with 15 
.dult male cigarette smokers, the daily creatinine excretion varied 
letween 1.0 and 2.5 g and the cotinine excretion between 1.3 and 
3.1 mg (Hoffmann and Brunnemann, 1983). However, in certain 
ases, such as with healthy infants, the daily variations in urinary 
xcretion are rather small. Thus, the measured nanograms of 


uue abaiiuaiuiztcu icvcio pcx umu ui ucdumuic may give a, 

more stable measure of ETS exposure—particularly when limited 
urine samples must be used. 


Hydroxyproline 

Inhalation of nitrogen dioxide causes degradation of lung col¬ 
lagen and elastin (Kosmidar et al., 1972; Hatton et al., 1977). This 
degradation results in elevated urinary excretion of hydroxyproline 
(Lewis, 1980). It is thus possible that the NO 2 in tobacco smoke, 
and even N0 2 in ETS, has the same lung-damaging effect as pure 

no 2 . 

Kasuga et al. (1981) reported two studies in which healthy 
cigarette smokers excreted significantly more hydroxyproline than 
healthy nonsmokers and exsmokers. In the case of 6- to 11-year-old 
children of smoking parents, Kausga et al. (1981) found elevated 
hydroxyproline levels in the urine. Because of the relatively low 
concentration of N0 2 in ETS (see Chapter 2), this finding was 
unexpected. Adlkofer et al. (1984) were unable to confirm this 
finding in a study of 23 nonsmokers exposed to ETS. 

At present, the question of quantitative aspects of urinary 
hydroxyproline excretion in nonsmokers exposed to ETS is not 
settled. It will require additional studies before this compound 
and its ratio to creatinine can be used as indicators for the degree 
of ETS exposure. 


JV-Nitros opr oline 

A-nitrosoproline (NPRO) in urine reflects endogenous forma¬ 
tion of nitrosamines, many of which are known animal carcinogens 
(Preussmann and Steward, 1984; Vainio et al., 1985). NPRO ap¬ 
pears neither to undergo metabolism in mammals nor to alkylate 
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urine. It has been shown that endogenous formation of NPRO is 
significantly increased in cigarette smokers (Hoffmann and Brun- 
nemann, 1983; Ladd et al., 1984; Scherer and Adlkofer, in press). 
The increase is probably due to the high concentrations of nitrogen 
oxides in tobacco smoke that serve as nitrosating agents and the 
elevated concentration of thiocyanate in smokers that catalytically 
enhance the endogenous formation of nitrosamines such as NPRO. 
These effects are absent in nonsmokers without ETS exposure. 

In one 5-day study, four male nonsmokers with controlled di¬ 
ets were exposed to known degrees of ETS for three periods of 
80 minutes each on day 3 and day 4. Their 24-hour urine voids 
were analyzed for NPRO and for cotinine. While the cotinine lev¬ 
els in the urine of these nonsmokers increased from 5-7 ng/ml to 
215-360 ng/ml, the NPRO excretion did not significantly change 
(Brunnemann et al., 1984). In another controlled study with 10 
nonsmokers exposed to ETS containing 45 ppb of N0 2 , 400 ppb 
of NO, and 22 ppm of CO, urinary output of NPRO was also 
not elevated while COHb had increased significantly (Scherer and 
Adlkofer, in press). Although these two studies require confirma¬ 
tion and should include analytical assessment of nitrosothioproline 
(NTPRO) (Tsuda et al., 1986), another endogenously formed ni- 
trosamine, at present neither NPRO nor NTPRO measurement in 
urine can be used to indicate exposure to ETS. 


Aromatic Amines 

During the burning of cigarettes, 20-30 times more aromatic 
amines are released into the sidestream smoke than are present 
in the mainstream smoke (see Chapter 2). Although at this time 
there is a lack of analytical data, it may be assumed that indoor 
environments that are strongly polluted with ETS contain measur¬ 
ably higher amounts of aromatic amines than ambient air without 
tobacco smoke pollution. 

Preliminary data indicate that free aniline and o-toluidine, 
serving as surrogates for aromatic amines, are increased, although 
not significantly, in the 24-hour urine voids of cigarette smokers 
(3.1 ± 2.6 /zg and 6.3 ± 3.7 /zg) compared with nonsmokers (2.8 
± 2.5 /zg and 4.1 ± 3.2 /zg) (El-Bayoumy et al., in press). The 
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the urinary excretion of aromatic amines in passive smokers would 
be indicated only if the total amounts of individual amines and 
their metabolites in smokers’ urine are found to be significantly 
increased. 


GENOTOXICITY OF THE URINE 

The evaluation of the genotoxicity of urine in nonsmokers with 
ETS exposure must consider the possibility of confounding effects, 
because DNA modifiers may be present in urine as a consequence of 
dietary intake or as a secondary result of the activity of infectious 
agents in the urine of the host. Nevertheless, urinary constituents 
may be DNA modifiers, because the inhaled agents are known 
or suspected mutagens or because the inhaled agents lead to the 
formation of such biologically active compounds. 

Since 1975, the most widely used assay for genotoxicity of 
human urine is the determination of mutagenicity in bacterial- 
tested strains with and without activation by enzyme-induced 
liver homogenate. 

In 1977, Yamasaki and Ames reported the presence of mu¬ 
tagens in the urine of cigarette smokers, thus suggesting a cor¬ 
relation between mutagens in smokers’ urine and increased risk 
for bladder cancer. Since publication of these data, other studies 
have reported an association of urinary mutagens that are active 
in bacterial tester strains with cigarette smoking (Internationa! 
Agency for Research on Cancer, 1986), but not all results frorr 
these studies have been consistent. One reason for the divergent 
findings could be the influence of dietary factors on the mutagens 
in the urine of smokers (Sasson et al., 1985) and, perhaps also 
nonsmokers exposed to ETS. 

Three studies have attempted to explain the possible muta¬ 
genic activity of the urine of nonsmokers exposed to ETS. In on< 
study, fractions and subfractions were isolated by high-pressur< 
liquid chromatography (HPLC) from the urine of five passiv< 
smokers. Upon metabolic activation by S9 liver homogenates fron 
rats pretreated with 3-methylcholanthrene, these materials wer< 
mutagenic in TA-bacterial tester strains (Putzrath et ah, 1981) 
It appeared that these mutagens are a complex mixture of urinarj 


components in the polar lipophilic subfractions. Due to a lack of 
diet control, these results are ambiguous. 

In a second assay of urine for bacterial mutagenicity, 8 male 
nonsmokers (25 and 35 years of age) were placed in a poorly ven¬ 
tilated room (10 m 3 ) with 10 smokers for an 8-hour period (Bos 
et al., 1983). The 12-hour urine samples of the nonsmokers were 
collected before, during, and after exposure to ETS. Metabol- 
ically activated concentrates of the urine samples were analyzed 
for mutagenic activity in the tester strain, TA 1538. Urine samples 
collected directly after exposure to ETS were significantly more 
mutagenic (relative activity: 3.9 ± 1.0) than urine samples of the 
same nonsmokers prior to (3.1 ± 0.7) or long after ETS exposure 
(2.5 ± 0.5). 

In the third study, six women who were medical students were 
exposed to ETS in a 10-m 3 exposure chamber on 2 consecutive 
days for one 3-hour session in the mornings and a 2-hour session in 
the afternoons. During these sessions, three of the women smoked 
a total of 30 cigarettes per day of a low-yield filter-tipped brand 
(5.4 mg tar, 0.4 nicotine, 4.6 mg CO); the other three women did 
not smoke. After 3 days without exposure and without cigarette 
smoking by any of the women, the exposure was repeated with 
reversal of the roles, so that those who had previously been non- 
smokers now were smokers, and vice versa. The CO concentration 
in the chamber averaged 3.0 ± 0.9 ppm. The uptake of smoke was 
assessed by determination of COHb, cotinine, and thiocyanate in 
the plasma. Urine samples were collected at the end of the daily 
smoking periods. Urine was concentrated according to Yamasaki 
and Ames (1977) and tested for mutagenicity with tested strain 
TB98 using rat liver homogenate for metabolic activation (Sorsa et 
al., 1985). As is evident from the data in Table 8-4, COHb values 
for nonsmokers and passive smokers were indistinguishable, while 
there was a trend for higher plasma cotinine values in the passive 
smokers. The authors observed an increase in the mutagenicity 
of the urine of passive smokers during the period of study. The 
differences observed were not significant. 

On the basis of presently available data, it is likely that the 
exposure of nonsmokers to heavy ETS increases the potential for 
metabolically activated genotoxic activity of their urine above 
and beyond the mutagenic activity that is observed in urine of the 
same nonsmokers before and long after exposure to ETS. However, 
before validating the Ames bacterial assay for mutagenicity as an 
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Tb-exposed. nonsmoKers, the method itself and the diet of test 
ects have to be standardized. Research in this area is needed, 
re studies on the isolation and identification of the active 
its in the urine of ETS-exposed nonsmokers. 


Adducts Formed in Passive Smokers 
upon Exposure to ETS 

Since about 1975, highly sensitive methods have been devel- 
i for the determination of protein- or DNA-adducts of environ- 
tal carcinogens and toxic agents in circulating blood. Meth- 
probing these reactions for the toxic agents known to occur 
obacco smoke and ETS include determination of hemoglobin 
cts of nitrosodimethylamine, methyl chloride, vinyl chloride, 
benzene (National Institute of Environmental Health Sciences, 
4), as well as 4-aminobiphenyl (Green et al., 1984). DNA 
ucts with the smoke carcinogen, benzo[a]pyrene (BaP), have 
n described (Santella et al., 1985), and the tobacco-specific 4- 
naethyl -N -nitrosamino)-1-(3-pyridyl)- 1-butanone (NNK) leads 
) 6 -methylguanine in DNA (Hoffmann and Hecht, 1985). RIA’s 
e been developed for quantitative determination of both the 
5 -DNA adduct and O e -methylguanine (Perera et al., 1982; 
es et al., 1985). So far, the method for the determination of the 
A adducts has been applied to the analysis of benzo[o]pyrene in 
)kers (Shamsuddin et al., 1985). In addition, the hemoglobin-4- 
mobiphenyl assay has been used for the analysis of the blood of 
>kers (Tannenbaum et al., in press). In both cases, only a lim- 
l number of samples have been analyzed for these adducts. Nev- 
leless, the data appear encouraging. Another sensitive method 
quantifying DNA adducts is the P 32 -postlabelling technique, 
ich has been applied to human tissues (Gupta et al., 1982; 
;rson et al., 1986). 

Validation and quantitative determination of the uptake of 
acco smoke carcinogens is urgently needed. Assays of adducts 
BaP, aromatic amines, and tobacco-specific nitrosamines with 
tein or DNA in the circulating blood are the most promising 
ts of exposure to tobacco smoke. Once such assays have been 
ranced to yield reproducible, informative methods in smokers, 
y may be subsequently refined to such sensitivities that they 


resentative of the uptake of acidic and neutral smoke components 
from the vapor phase nor of any component in the particulate 
phase. Thus, future studies should be concerned with develop¬ 
ing techniques to measure the uptake by the nonsmoker of various 
other types of tobacco-specific ETS components. This may include 
assays for the vapor-phase 3-vinylpyridine or flavor components 
that are indigenous to tobacco. Particulate-phase agents to be 
traced could include solanesol, tobacco-specific nitrosamines, and 
polyphenols such as chlorogenic acid or rutin. These components 
are likely to be found only in trace amounts in ETS, and, thus, 
only minute quantities would be found in the circulating blood 
of passive smokers, making the development of assays difficult. 
The development of new trace methods for quantifying the levels 
of some tobacco-specific materials in nonsmokers may require the 
identification of adducts formed between the ETS components and 
the proteins in blood. This approach would require the develop¬ 
ment of highly sensitive methods such as immunoassays (e.g., RIA, 
ELISA) or postlabelling with radioisotopes or other markers. 

The epidemiological studies on the effects of exposure to ETS 
by nonsmokers have to consider a number of non-ETS-related 
factors. This fact underlines the urgent need for the development 
of highly sensitive dosimetric methods for ETS-specific carcinogens 
that can be applied in field studies. 

SUMMARY AND RECOMMENDATIONS 

Passive smokers are exposed to trace amounts of toxic agents 
including tumor initiators, tumor promoters, carcinogens, and 
organ-specific carcinogens when inhaling ETS. The determination 
of thiocyanate, nicotine, and cotinine in body fluids such as saliva, 




im, and urine, as well as quantitication of CO in alveolar air and 
Hb in blood, has been useful for the assessment of the habits of 
viduals and groups of smokers of cigarettes, cigars, and pipes, 
rently, for measuring the exposure to ETS by nonsmokers, 
itine and cotinine appear useful. In acute exposure studies, 
Hb can be a useful marker. 

Nicotine and cotinine, however, may not be directly related 
ihe carcinogenic potential of the smoke. Indicators that are 
ted to the carcinogenic risk are needed. To assess the risks 
lived in the exposure to carcinogenic agents from ETS, sensitive 
imetry methods for tobacco-specific compounds are urgently 
ied. During the last decade, immunoassays and postlabelling 
hods have been developed for tracing toxic and carcinogenic 
nts in circulating blood. These methodologies should be used 
ihe development of dosimetry studies in nonsmokers exposed to 
3. Protein and DNA adducts may provide exposure measures 
t could be effectively used in epidemiologic studies. 


What Is Known 

1. Determinations of thiocyanate, nicotine, and cotinine in 
va, serum, and urine, as well as quantification of CO in alveolar 
and carboxyhemoglobin in blood, have been shown to be useful 

meters for the assessment of the habits of individuals and 
aps of active smokers of cigarettes, cigars, and pipes. However, 
;eneral, only nicotine and its metabolite cotinine have proven 
ful for measuring the exposure to ETS of nonsmokers. 

2. Assessment of average daily exposure on the basis of cotinine 
sis in saliva and urine is independent of the restrictions posed by 
iations of the half-life of nicotine in smokers and nonsmokers. 

3. The determination in urine of the amount of cotinine per 
ligram of creatinine should provide a more stable measure of 
mt environmental exposure to nicotine from ETS than cotinine 
hout reference to creatinine, particularly when limited volumes 
irine are available. 

4. It is likely that the exposure of nonsmokers to ETS increases 
mutagenic activity of their urine over the activity observed in 
le of the same nonsmokers when not exposed to ETS. 


tobacco smoke carcinogens is needed. 

4. Information is needed on certain tobacco-specific constitu¬ 
ents and their fate in the ETS-exposed nonsmoker, including 
solanesol, tobacco-specific nitrosamines, and polyphenols such as 
chlorogenic acid or rutin. 

5. Knowledge of the levels of nitrosothioproline following ex¬ 
posure to ETS as well as nitrosoproline is needed. 

6. Knowledge of the effects of diet is needed when interpreting 
results of the Ames bacterial assay for mutagenicity of the urine 
of ETS-exposed nonsmokers. 

7. Identification of the mutagenic agents in the urine of ETS- 
exposed nonsmokers needs to be made. 

8. Future studies should be concerned with methodologies that 
enable us to assay the uptake by the nonsmoker of various other 
types of ETS components that are tobacco-specific. 

9. New trace methods will have to be developed for dosimetry 
studies of carcinogens involving adducts (DNA and protein) and 
the development of highly sensitive methods such as immunoassays 
or postlabelling for other products. 

10. The epidemiological studies on the effects of ETS exposure 
in nonsmokers should consider a number of non-ETS-related fac¬ 
tors. This fact underlines the urgent need for the development of 
highly sensitive dosimetric methods for ETS-specific carcinogens 
that can be applied in field studies. 
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Introduction 


Epidemiologic and experimental studies seek to determine if 
lationship exists between a particular exposure and particu- 
health effects. When the exposure is via the air, as is the 
with environmental tobacco smoke (ETS) exposure to non- 
kers, the organs that are directly exposed include the eyes, 
!, throat, and lungs. Clinical, epidemiologic, and animal stud- 
lave shown, generally speaking, that air pollutants can have 
ar health effects on the respiratory system (National Research 
ncil, 1985). Experimental research using animals (Chapter 3) 
research with biological markers in humans (Chapter 8) in- 
.te that various constituents of the smoke are absorbed into 
blood and, therefore, are transported to organs and tissues 
tie body. Consequently, the range of possible health effects of 
Dsure to ETS may be very broad and vary enormously in their 
:t on the individual. Effects may be reversible or irreversible, 
omforting, or life-threatening. 

In the following chapters, several possible health effects that 
5 received substantial attention are reviewed. Many of the 
1th effects associated with active smoking have been evalu- 
1 in studies of nonsmokers exposed to ETS. These include: 
te, noxious sensory irritation; nonmalignant respiratory symp- 
s and disease; decrease in pulmonary function; lung and other 
:ers; cardiovascular disease; relative growth, ear infections in 
dren; and low birthweight of children of nonsmoking women. 
Nonsmokers commonly complain of the perception of tobacco 
>ke and its irritating, noxious, or annoying qualities. However, 
nost such spontaneous instances, these complaints are voiced 


in their vicinity. Chapter 10 reviews experimental studies that 
evaluate these acute comfort aspects under controlled conditions. 

Chapters 11 and 12 assess and evaluate possible nonneoplastic 
and neoplastic pulmonary effects of exposure to ETS by nonsmok¬ 
ers. Over the past 15 years, a number of studies in children and in 
adults have assessed various possible acute and chronic pulmonary 
effects subsequent to long-term exposure to ETS. Individuals who 
have chronic lung diseases, such as patients with asthma, alpha-1- 
antitrypsin deficiency, or cystic fibrosis, are potentially hypersen¬ 
sitive to the effects of ETS exposures. 

Chapter 13 reviews and evaluates reports of cancers other than 
lung that may be associated with exposure to ETS in nonsmokers. 

Chapter 14 discusses the possible association of exposure to 
ETS with chronic and acute cardiovascular responses and cardio¬ 
vascular diseases in nonsmokers. Individuals with chronic disease 
that compromise the cardiovascular system, such as patients with 
a history of angina pectoris, are at a high risk for developing 
abnormal cardiovascular responses following exposure. 

Chapter 15 considers evidence that a number of other health 
effects are linked to ETS exposure in children of smokers, includ¬ 
ing lower relative growth, frequency of ear infections, and low 
birthweight (with nonsmoking pregnant mothers). 

The studies reviewed here are epidemiologic and experimen¬ 
tal. Epidemiologic studies include case-control studies, in which 
subjects are selected according to whether or not they have the 
health outcome being studied, and cohort (or prospective) studies, 
in which subjects are classified according to whether or not they 
have been exposed to ETS. Cross-sectional studies are those in 
which an assessment is made of a population at one point in time. 
Longitudinal studies follow a group of persons over time. In ex¬ 
perimental studies, subjects are exposed to ETS under controlled 
conditions often using chamber studies. Most studies of ETS have 
been cross-sectional rather than longitudinal. To be informative, 
a study must evaluate a sufficient number of people to provide a 
precise estimate of the effect; obtain valid information regarding 
the history of exposure and health status of the individuals; and, of 
course, the statistical analyses must be appropriate to the study 
design. The appropriate design and use of these epidemiologic 
methods for the study of air pollution and possible health effects 


discussed in general terms in the monograph “Epidemiology 
Air Pollution” (National Research Council, 1985). 
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In this chapter, the acute sensory reactions from exposure to 
ETS are discussed. These reactions include perception of odor 
and irritation of eyes and upper airways. Methods for evaluat¬ 
ing these psychosensory phenomena include controlled chamber 
studies, where ventilation and smoking rates are manipulated and 
evaluated in terms of reported perception by a small number of 
subjects. 


ODOR 

The perception of odor is often the earliest indicator of ex¬ 
posure to many airborne contaminants, but not for all. For some 
individuals, odor may merely be a nuisance. For others, odor is an 
early indicator of a complex reaction to exposure to ETS involving 
allergic and other physiologic responses. 

Considerations of sensory reactions have a central role in the 
development of guidelines for ventilation requirements for occupied 
spaces. The amount of ventilation, or number of air exchanges, 
needed to eliminate unacceptable odors and irritation commonly 
exceeds that required to meet any other needs, such as control of 
carbon dioxide. For a number of years, quite apart from concerns 
about possible adverse health from exposure to ETS, ventilation 
engineers have viewed ETS as the most problematic common in¬ 
door contaminant (Leonardos and Kendall, 1971). 

Efforts to derive functional relationships between the amount 
of a contaminant generated in a space and the amount of outdoor 
air, i.e., ventilation, necessary to control its odor began in the 
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i’lGURE 10-1 Relationships between ventilation rate and air space per 
jerson in an environmental chamber according to three criteria: (A) main- 
enance of oxygen concentration; (B) control of carbon dioxide to a level of 
).6% (2.5 cubic feet per minute); and (C) control of body odor at a moderate 
evel under sedentary conditions of occupancy, no smoking. 


1930s (Yaglou et al., 1936). Function C in Figure 10-1 is derived 
From experiments of Yaglou et al. (1936), where judges assessed the 
ador generated by occupants sitting quietly in an environmental 
chamber. The function depicts the combination of air space per 
person and ventilation rate of the air space (outdoor air) per 
person necessary to maintain odor at a moderate, acceptable level 
under steady-state conditions. Theoretical functions A and B, 
which fall below C, implying less need for ventilation, represent 
the outdoor air needed to maintain oxygen at a minimum of 20% 
and the air necessary to hold carbon dioxide at a maximum 0.6%, 
respectively. 

The decrease in curve C at low occupancy density (large air 
space per person) resulted most likely from the instability of oc¬ 
cupancy body odor in Yaglou’s chamber. That is, occupancy 
odor decays relatively rapidly on its own (Yaglou and Witheridge, 
1937; Clausen et al., 1984). Tobacco smoke odor, on the other 
hand, exhibits relative stability. When smoking has ceased in an 
unventilated room, the odor will remain at the about same level 
over many hours (Yaglou and Witheridge, 1937; Clausen et al., 
1985). In a diagram such as Figure 10-1, a function for tobacco 




smoke odor, like functions A and B, would be independent of the 
size of the space or of air space per occupant. In this respect, 
tobacco smoke odor behaves as a simple contaminant and ventila¬ 
tion requirements for reducing tobacco smoke odor should depend 
strictly on rate of smoking. 

Twenty years after his study on occupancy odor, Yaglou 
(1955) reported a small experiment on tobacco smoke odor. Study¬ 
ing the very high smoking rate of 24 cigarettes per hour generated 
by six of nine occupants in his 1,410-cubic-foot chamber, he re¬ 
ported the need for 40 cfm (cubic feet per minute) per smoker, 
or 600 cubic feet per cigarette, in order to achieve moderate, ac¬ 
ceptable odor. At about the same time, Kerka and Humphreys 
(1956), using similar psychophysical techniques, estimated the re¬ 
quirement at 2,250 cubic feet per cigarette, or 300 cfm per smoke! 
smoking 8 cigarettes per hour. At a smoking rate of 2 cigarettes 
per hour, this would be 75 cfm per smoker. 

Recent results have estimated ventilation needs closer to thos< 
of Kerka and Humphreys (1956) than those of Yaglou (1955), bul 
have also uncovered limitations on ventilation as a solution to th< 
odor problems produced by ETS. Figure 10-2 shows how tobaccc 
smoke odor varied over time for three smoking rates and variou: 
ventilation rates (Cain et al., 1983). The line connecting the opei 
squares in the left panel depicts the level of odor generated b; 
nonsmoking occupancy with low ventilation. It shows that even b 
the presence of higher ventilation rates, smoking generated mor 
odor than simple occupancy. 

The psychophysical judges in the experiment, a mixed group c 
smokers and nonsmokers, assessed acceptability in addition to per 
ceived intensity. Figure 10-3 shows the percent of dissatisfactio: 
as a function of ventilation rate per cigarette. The ventilation rat 
that would lead to 20% of judges dissatisfied is 4,240 cubic feet pe 
cigarette (shown by the vertical dashed line). Twenty percent dis 
satisfied is the maximum level allowed by recommendation of th 
American Society of Heating, Refrigeration and Air-Conditionin 
Engineers (ASHRAE, 1981). On the realistic assumption that th 
percentage of people actually smoking in a space at any given tim 
will equal about 10%, ventilation rate per person (smokers an 
nonsmokers) would need to be 53 cfm (see Figure 10-3) to reduc 
odors to a level that would satisfy 80% of the judges. 

Despite ASHRAE’s goal of satisfying at least 80% of visitoi 
to a space, none of its recommendations for ventilation are as hig 
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FIGURE 10-3 Percent of judgments of unacceptable odor quality of air versus 
ventilation per cigarette and ventilation per occupant, assuming that 10% 
of occupants in a space will be smoking at any time. Data from Cain et al. 
(1983). 

as 53 cfm per occupant. For offices where smoking is allowed, 
the ASHRAE recommendation is 20 cfm per occupant. For many 
other smoking areas, however, the ASHRAE recommendation is 
35 cfm per occupant. Such recommendations did not result from 
experiment, but rather from a consensus procedure of expert heat¬ 
ing and refrigerating engineers that weighed available information. 
The bulk of the data on the acceptability of odor and irritation 
from ETS was not available at the time ASHRAE prepared its 
standard in 1981. The standard was, however, the first to specify 
the need for 4 to 5 times greater ventilation rates during smoking 
occupancy as compared with nonsmoking occupancy. The most 
common rate specified for smoking occupancy is 35 cfm per oc¬ 
cupant, whereas 7 cfm per occupant is the most common rate 
specified for nonsmoking occupancy. This means that in a space 
where smoking is allowed, the pollution generated by smoking 
creates the greatest need for ventilation. 

According to the data of Cain et al. (1983) (Figure 10-3), 
ASHRAE’s proposed ventilation rate of 35 cfm per occupant dur¬ 
ing smoking will lead to 25% of visitors being dissatisfied (75% 
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action between smoking and nonsmoking occupancy, and hence 
3 difference in recommended ventilation rates, arises largely be- 
lse of the intensity of the odors (Figure 10-4), rather than the 
lity of the odors. At equal odor intensity, the occupancy odor 
d tobacco smoke odor are disliked about equally. 

An additional factor affecting annoyance with odor is that 
smokers are much more likely than smokers to object to to- 
cco smoke odor. Figure 10-5 depicts relative dissatisfaction with 
oacco smoke odor at various intensities, expressed in terms of 
uivalent levels of butanol. At 32 ppm (butanol level 2), 1% of 
tokers found the odor unacceptable, while 20% of nonsmokers 
md it so. The odor had to rise to 256 ppm (level 5) before as 



Odor Intensity (cm) 

GURE 10-4 Percent of judgments of unacceptable odor quality of air versus 
r intensity assessed by means of a graphic rating procedure during various 
iditions of smoking and nonsmoking occupancy. .Each point represents the 
come from a particular combination of contaminant generation (number 
occupants or rate of smoking) and ventilation rate. Data from Cain et al. 
383). 
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FIGURE 10-5 Percent of judgments of unacceptable odor qualit 
derived from tobacco smoke odor related to equivalent level of 
(parts per million at top; log 2 at bottom). Judgments accumulate 
all conditions of smoking (2,357 judgments). Left: Data from all 
Right: Data from smokers and nonsmokers plotted separately. D 
Cain et al. (1983). 


many as 20% of smokers found the odor unacceptable. In 1 
practical solutions to the odor problem caused by tobacco 
the difference between smokers and nonsmokers may prov 
mountable. Under usual levels of smoking, no realistic 
ventilation will drive tobacco smoke odor as low as the eq- 
of 32 ppm butanol (butanol level 2). 

IRRITATION 

Ventilating and air-conditioning engineers have typica 
cerned themselves with the reactions of visitors to enclose< 
on the assumption that visitors will exhibit more sensitivi 
occupants. As society has become more concerned with tb 
risks of smoking in the recent past, research on consequi 
ETS exposure has focused on the occupant. Included wit 
concern have been the sensory reactions of occupants. 

Figure 10-6 illustrates changes in tobacco smoke odor : 
tation over time for occupants. Whereas perceived odor ma 
may fade due to olfactory adaptation, irritation may increa 
apparent in this figure is a relationship between relative h 
and odor or irritation perception. In the low relative h 
conditions, both odor and irritation were exacerbated. 





, and laryngeal areas and on the surface of the eyes. The 
tors comprise free nerve endings of the fifth, ninth, and tenth 
dal nerves and form the mediating elements of what is known 
fie common chemical sense. Although particularly sensitive to 
osive stimuli, the common chemical sense responds to almost 
airborne organic material at high concentration (Cain, 1981). 
The common chemical sense (or irritation perception) is char- 
srized by a tendency to respond more vigorously over time 
metto-Muniz and Cain, 1984). A person in an environment 
i a low-level irritant may even fail to notice any irritation at 
;. Once irritation has begun, however, it may persist even after 
Loval of the stimulus. 



TIME, min 

IURE 10-6 Changes in odor and irritation during continuous, short-term 
osure to cigarette smoke generated in a chamber. Ventilation equalled14 
per cigarette and ambient temperature equalled 25 C. Relative humidity 
I) was 30% in one condition and 65% m the other. Adapted from Kerk 
Humphreys (1956). 
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FIGURE 10-7 Eye irritation related to duration of exposure and 
tion (parts per million carbon monoxide) of ETS. Left: Eye irrita 
Right: Eye blink rate. From Weber (1984). 


Chamber Studies 

A number of chamber studies have examined irritj 
odor from tobacco smoke (Weber et al., 1976a,b; Web 
1979a,b; Weber and Fischer, 1980; Muramatsu et al., 198: 
1984). The major findings include: 

• Irritation from ETS varies with both concentrati 
sured as an increment in carbon monoxide as a surrogate 
and time over long durations, as shown in Figure 10-7. 

• The eyes are the most readily affected site for i 
with the nose second. 

• Rate of eye blinking correlates well with estimai 
and nose irritation when the level of ETS is high (i.e. 
ETS such that the carbon monoxide concentration is 
5 ppm), though eye blinking seems a less sensitive in 
psychophysical judgments (Figure 10-7). 

• Degree of annoyance (a composite index of impri 
defined by Weber) reaches a steady state much more rap 
irritation, presumably because odor contributes to anno; 

• Degree of annoyance depend almost entirely oi 
phase of ETS. Filtration of the particles is followed t 
small, though relatively constant, reduction in annoyanc 






• Eye irritation and increased eye blink rate depend almost 
tirely on the particulate phase of ETS. Particle filtration dimin- 
les the sense of irritation greatly. 

• Weber (1984) suggested that ETS corresponding to CO 
ncentrations of 1.5 to 2.0 ppm should form the maximum permis- 
ale level of exposure in environmentally realistic circumstances, 
b about 2 ppm of CO, almost 20% of occupants report “strong” 

“very strong” eye irritation. Cain et al. (1983) and Clausen et 
. (1985) found that incremental CO concentrations of 1 to 2 ppm 
i to 20% of visitors becoming dissatisfied with the air. 

One of the more important issues with respect to control of 
TS is whether filtration of the particles will reduce discomfort. 
3 indicated above, Weber and colleagues found only a small 
duction of annoyance when they filtered the particles with Cam- 
idge pads. Since their criteria for annoyance largely assessed 
lor, their data largely agree with those of Clausen et al. (1985), 
ho found that electrostatic precipitation of the particles caused 
) significant reduction in odor perceived by visitors to a cham- 
;r. Nevertheless, Weber and associates did find that filtration 
duced reported eye irritation considerably. This led them to 
•aw the conclusion that eye irritation derived largely from the 
irticulate phase of ETS. Cain et al. (in press), on the other hand, 
und only a slight reduction of irritation following electrostatic 
:ecipitation of the particles. This disparity suggests the need for 

ore direct comparison of the sensory effects of the two filtration 
ethods and for chemical analysis in order to determine whether 
ambridge pads remove a vapor-phase constitutent of ETS that 
left airborne by electrostatic precipitation. 


Field Studies 

Winnecke et al. (1984) argued that when people engage in so- 
al activities (e.g., playing cards or games) they become somewhat 
ss critical of the environment and will tolerate a level correspond- 
g to more than a 5-ppm increment in CO. It is suggested that 
hen undistracted, occupants of chambers in experimental studies 
tight complain about circumstances that would go unnoticed in 
fe situations. On the other hand, irritation may prove relatively 
isistant to distraction. Restaurants would seem to offer a realistic 
roving ground for the interpretation of the chamber studies. 
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or in the field, may well vary as the social acceptance of cer¬ 
tain odors, including ETS, changes with time. For this reason, 
judgments of some attribute, such as eye irritation, or judgments 
of odor intensity, particularly those that entail a reference such 
as butanol, should form the information of interest for long-term 
considerations. Dissatisfaction measures may be more variable. 

hypersensitive individuals 

Individuals with chronic lung diseases, such as asthma and 
vasomotor rhinitis, may be more sensitive to the acute irritating 
effects of exposure to ETS (see Chapter 11). In addition, many 
people without active diseases report allergic or allergic-like symp¬ 
toms as a result of exposure to ETS (e.g., Speer, 1968; Zussman, 
1974). Reported symptoms include eye irritation, nasal symptoms, 
headache, cough, wheezing, sore throat, and nausea. The percent 
of people who report these responses varies with the nature oi 
the exposure. These reports have led to the belief that a tobacco 
smoke allergy may exist. 

Several investigators have studied immediate cutaneous hy¬ 
persensitivity to extracts of tobacco leaves. Zussman (1974) founc 
that 16% of 200 atopic patients reported that they were clinicall) 
sensitive to ETS exposure. All of them did develop erythema dur¬ 
ing the intradermal tests. Becker et al. (1976) found that one-thirc 
(11 out of 31) of human volunteers, including smokers, exhibit hy¬ 
persensitivity to a glycoprotein purified from cured tobacco leaves 
(TGP-L) and from cigarette smoke condensate (TGP-CSC). Re 
ports of immediate skin reactivity suggest an immunological basis 
for clinical sensitivity to tobacco smoke. 

Tobacco smoke has been shown to contain immunogens tha 
can stimulate immune responses to tobacco leaf extract in experi 
mental animals (Lehrer et al., 1978; Becker et al., 1979; Gleich am 


Welsh, 1979). However, the extracts differ and there is controversy 
concerning the purity of tobacco glycoprotein isolates (Becker et 
al., 1981; Bick et al., 1981). 

In a recent study of Lehrer et al. (1984), skin prick tests 
of 93 subjects were done, including 60 of whom claimed clini¬ 
cal sensitivity to tobacco smoke. The group included atopic and 
nonatopic individuals. Approximately 50% of the atopic subjects 
had positive skin tests to leaf extracts or cigarette smoke con¬ 
densate (CSC). Fewer than 5% of nonatopic individuals had a 
positive reaction, independent of whether they claimed to be sen¬ 
sitive to ETS exposure. Radioallergosorbent tests (RAST) were 
also conducted. Forty-five percent of atopic individuals and 6% 
of nonatopic individuals were positive for leaf extracts. There 
were no significant differences in specific serum IgE antibodies 
among smokers, exsmokers, or nonsmokers. Fewer than 6% of ei¬ 
ther group responded to CSC. Because there was no relationship 
between subjective tobacco smoke sensitivity and reaction to the 
various tests, the authors concluded that the reported subjective 
sensitivity is probably not related to hypersensitivity to tobacco 
leaf or smoke antigens. 

In summary, experimental and clinical studies have indicated 
that there are immunogens in ETS and that a portion of the pop¬ 
ulation is sensitive as shown by dermatological tests. However, 
the specific agent responsible for this reactivity has not been con¬ 
clusively identified. Furthermore, there is some question as to 
whether reactions to skin tests are correlated with subjective com¬ 
plaints. It is clear, however, that a substantial number of atopic 
individuals will have positive skin tests to tobacco smoke or to¬ 
bacco leaf extracts. More research needs to be done to characterize 
the immunogens and explain the relationship between subjective 
symptoms and skin tests. 


SUMMARY AND RECOMMENDATIONS 


There are a number of acute, noxious effects of exposure to 
ETS by nonsmokers that may occur. These include annoyance 
with odor, eye irritation, throat irritation, and immunological 
responses. The specific constituents that elicit these responses are 
not known. 



3. Rooms (and other spaces) where there is smoking requiri 
much more ventilation than spaces with nonsmoking occupancy 
During smoking, ventilation requirements that satisfy at least 80$ 
of visitors to a room exceed 50 cfm per occupant. 

4. Nonsmokers and visitors to rooms appear to set a mon 
stringent criterion than smokers for acceptability of tobacco smoki 
odor. Current ventilation guidelines for smoking occupancy wil 
apparently fail to satisfy a criterion level of 80% of visitors (mixec 
group). It is not clear that any practical ventilation rate could sat 
isfy 80% or more nonsmokers under typical conditions of smokini 
occupancy. 

Irritation 

5. Low humidity may exacerbate odor and irritation response 
to ETS. 

6. Whereas odor will govern the reactions of visitors to a smok 
ing space, irritation will largely govern the reactions of occupants 
Over time, eye irritation grows to become the most importan 
negative response of the occupant. Dissatisfaction observed ii 
chamber studies is commensurate with that found in field studies 

7. Eye blink offers a reasonable correlate of sensory irritatio: 
at high levels of smoke (i.e., levels of ETS such that the concen 
tration of CO is at least 5 ppm), but not at low levels. 

8. Filtration of particles from ETS via an electrostatic pre 
cipitator causes no decline in odor to visitors and no meaningfi 
decline in odor or irritation to occupants. This suggests tha 
irritation and odor derive primarily from gas- or vapor-phase cor 
stituents. 

9. Filtration of particles via a Cambridge pad reduced irr 
tation, but not odor, to occupants. Perhaps the Cambridge pa 




noves some critical vapors from the smoke along with the par¬ 
ies. 

10. A substantial portion of atopic individuals are sensitive 
tobacco leaf or tobacco smoke extracts as shown by skin tests, 
jwever, cutaneous sensitivity appears not to correlate with sub- 
;tive symptoms. 


What Scientific Information Is Missing 

1. The outcomes obtained in chambers regarding dissatisfac- 
>n created by the odor and irritation of ETS should be fur- 
er verified in field situations. The chamber studies imply that 
ere must be considerably more than 20% dissatisfaction in places 
lere smoking occurs even when current ventilation standards are 
st. 

2. Prospects for abatement of discomfort through filtration of 
e vapor or particulate phases of ETS should receive attention. 

3. Objective physiological or biochemical indices should be 
ught to validate reports of chronic irritation of the eyes, nose, 
Ld throat. 

4. Research is needed to determine specific constituents that 
e the irritants in ETS. 

5. Information is needed on the prevalence and severity of al- 
•gic and hypersensitive responses to tobacco smoke in the general 
ipulation and in atopic individuals. 

6. Further research needs to be done to determine the specific 
:ments that are immunogenic in extracts of tobacco smoke and 

relate immune response on skin tests to subjective complaints 
sensitivity to tobacco smoke. 

7. Research is needed to evaluate the medical importance 
positive reactions to RAST tests of tobacco leaf products for 
opics. 
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This chapter discusses epidemiologic studies of nonsmokers ex¬ 
posed to tobacco product smoke that have evaluated lung function 
or respiratory symptoms, most of which have evaluated children. 
The effects of active cigarette smoking are briefly reviewed to re¬ 
count the reasons why certain aspects of lung function have been 
studied in nonsmokers. The plausibility of finding similar effects 
in nonsmokers exposed to ETS is discussed and the studies found 
in the literature are assessed. 


LUNG FUNCTION AND SYMPTOMS 
IN ACTIVE SMOKERS 

Cross-sectional studies of smokers have demonstrated that 
smokers, compared with nonsmokers, have (1) an increased preva¬ 
lence of chronic cough, chronic sputum production, and wheezing 
and (2) decreased lung function (see U.S. Public Health Service, 
1984, for an extensive review). The effects of smoking on both 
respiratory symptoms and lung function may be seen within a 
few years of the onset of regular smoking (U.S. Public Health 
Service, 1979, 1984; Woolcock et al., 1984). Longitudinal studies 
have demonstrated that the mean rate of decline with age of the 1- 
second forced expiratory volume (FEVi) is greater in smokers than 
in nonsmokers. In some smokers, the rate of decline of FEV L is 
rapid, leading to clinically important chronic airflow obstruction. 

The structural changes associated with active cigarette smok¬ 
ing are seen in both the conducting airways and the pulmonary 
parenchyma (for a more detailed description, see U.S. Public 
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‘IGURE 11-1 Known and suspected mechanisms for effects of tobacco 
moke on airways. Solid lines = known mechanisms; dashed lines = suspected 
lechanisms. 


lealth Service, 1984). In the large airways there is hypertrophy 
ind hyperplasia of the mucous glands. These changes are followed 
>y an increase in mucus production that leads to increased cough 
md sputum production. Structural changes in smaller airways 
ange from relatively mild inflammation to narrowing and closure 
>f airways due to inflammation, goblet cell hyperplasia, and in- 
raluminal mucus. Changes in the parenchyma include increased 
lumbers of inflammatory cells and ultimately destruction of the 
ilveolar walls, most commonly in the central part of the lobule, i.e., 
.he development of centrilobular emphysema (see Figure 11-1). 

The link between airway disease and parenchymal disease is 
noorly understood. Smokers with severe functional impairment 
lsually have an appreciable amount of emphysema (U.S. Public 
Health Service, 1984). 

Cessation of smoking leads to a rapid decrease in respiratory 
symptoms, an improvement in lung function, and a shift towards 
she nonsmoker’s rate of decline of FEVx (U.S. Public Health Ser¬ 
vice, 1979,1984). These improvements are usually seen regardless 
of the functional level at which cessation occurs. 


pulmonary function. Another reason the active smoking dose die 
not explain much of the variance is that the number of cigarettes 
an individual smokes cannot readily be translated into the dose o 
smoke that is delivered into the airways and parenchyma. Manj 
factors, such as pulf volume and lung volume at which inh ala, 
tion starts, clearance rates, and airway geometry of the lungs o 
exposed individuals, will influence the dose and the distributior 
of the smoke within the lungs. Variability in individual suscepti 
bility to the effects of chemicals deposited in the lung has beei 
demonstrated in studies of animals (Evans et al. 1971,1975,1978) 


PLAUSIBILITY FOR AN EFFECT 
DUE TO PASSIVE SMOKING 

The dose of cigarette smoke delivered to the lungs of non 
smokers exposed to ETS is both qualitatively and quantitativel; 
different from mainstream smoke, being a small fraction of tha 
delivered to the lungs of an active smoker (see discussions in Chap 
ter 7). Exposure to constituents of tobacco smoke may begin ii 
utero and continue throughout childhood through ETS exposure 
During these periods, the lung is undergoing both growth an< 
remodeling. Therefore, the lung of the fetus and young child ma; 
be particularly susceptible to environmental insults. 

Despite qualitative differences between mainstream smokt 
sidestream smoke, and ETS, it has been customary to assum 
that exposure to ETS approximates a low-dose exposure to tc 
bacco smoke. The ability to measure responses to low doses d« 
pends on the shape of the dose-response curves, the sensitivity an 
specificity of the measurement tools available, and whether thei 
is a threshold of exposure below which there is no response in an 
individual. 



The assumed shape of the dose-response curve determines 
what kinds of effects would be expected and the estimates of the 
probability of detecting them. If the dose-response curve were 
linear with a shallow slope, or a slope concave to the dose axis, the 
response at low doses might be so small that it would be difficult 
to detect. In such a situation, only the very susceptible portion of 
the population might have detectable effects. It is likely that there 
is a distribution of susceptibility to the effects of ETS within the 
population, such that there will be some persons who will respond 
at low doses and some persons for whom many years of heavy 
exposure may be needed to cause the same symptoms or change 
in lung function (Cockcroft et al., 1983). 

If individuals who are most susceptible to the irritating effects 
of cigarette smoke on the lower respiratory tract do not start to 
smoke or, having started, soon quit as smokers, then a population 
of nonsmokers would be more likely to include the most suscep¬ 
tible individuals than a population of smokers. The existence of 
different subpopulations introduces an additional complication to 
the extrapolation from high-dose exposure in active smokers to 
the low-dose exposures of nonsmokers. 

In addition, it is likely that the development of respiratory 
disease or symptoms, lung function level, and rate of decline reflect 
the cumulative burden of many environmental exposures and other 
insults, such as respiratory infections (Purvis and Ehrlich, 1963) 
to the lung. Furthermore, it might be hypothesized that the 
cumulative burden may interact with the individual’s genetically 
determined susceptibility. 

METHODOLOGIC CONSIDERATIONS 
FOR EPIDEMIOLOGIC STUDIES 

A recent report of the National Research Council (1985) is 
devoted to methodologic issues of epidemiology and air pollution. 
In this section, many of the problems are reviewed briefly. 


Study Design and Analysis 

Chronic pulmonary effects of ETS have been the subject of 
several recent reviews (Lee, 1982; Weiss et al., 1983; Surgeon 
General, 1984; Guyatt and Newhouse, 1985; Taylor et al., 1985) 
and symposium or workshop reports (U.S. Public Health Service, 



are used to take into account the effects of potentially confound¬ 
ing variables. For most of the potentially confounding variables, 
researchers do not agree on the nature of the roles of the variables 
as confounders and, hence, on the appropriate ways to introduce 
these variables into the data analyses. 


Assessing Exposure 

Interpretation of epidemiological studies is hampered by the 
existence of factors that interact with and modify the response to 
exposure and by confounding factors that are associated with the 
same symptom complex as exposure to ETS, such as coughing, 
production of sputum, and wheezing (see Table 11-1). These 
variables must be assessed and accounted for in the statistical 
analyses where possible. 

Unreported active smoking could lead to a large bias. Underre¬ 
porting of smoking is likely in studies of older children, particularly 
when parents answer questionnaires for their children. Children 
who have parents who smoke are themselves more likely to smoke. 
Therefore, because active smoking is likely to have a considerably 
greater impact on respiratory symptoms and lung function than 
exposure to ETS, misclassification of the children who smoke will 
tend to overestimate the effect of exposure to ETS. 

For blue collar males, occupational exposure can also be im¬ 
portant and may interact with both direct cigarette smoke and 
ETS. Many pulmonary toxicants can exist in the workplace. Fur¬ 
thermore, ETS exposure can occur in the workplace. Similarly, 
comparison of inner-city-dwelling persons with less urban, or sub¬ 
urban, controls can lead to biases. 



table 11-1 Potentially Confounding and Effect 
Modifying Factors in Epidemiologic Studies of 
Exposure to Environmental Tobacco Smoke 


Unreportcd active smoking 
Tobacco products 
Marijuana 
Clove cigarettes 
Developmental factors 

Maternal smoking during pregnancy 
Factors related to outdoor environment 
Outdoor temperature, humidity 

Respirable and nonrespirable particulates, e.g., fugitive dust 
Pollens and other allergens 
Factors related to indoor environment 
Crowding 

Number and age of siblings 

Total number of people/animals in dwelling unit 

Total number of smokers in dwelling unit 

Household conditions 

Frequency of air exchanges 

Temperature and humidity 

Use and condition of air conditioning units 

Conditions of child care facilities 

Uuvented combustion products from heating/cooking stoves 

Respirable and nonrespirable particulates, e.g., wood smokes 

Pollens, molds, mites 

Allergens and infectious organisms 

Formaldehyde 

Factors related to work/hobbies 
Work/hobby-related exposure to gases, fumes, particulates 
Miscellaneous factors 

Annoyance response to tobacco smoking 
Reporting biases 


Assessing Respiratory Variables 

Methods commonly used to assess the effect of passive smoking 
an the respiratory system, such as respiratory symptom question¬ 
naires and measurement of lung function, may lead to some error. 

The problems associated with the respiratory symptom ques¬ 
tionnaires include: 

• Different questionnaires are used in studies. Differences in 
bow the questions are asked can sometimes lead to large differences 
in answers. For instance, asking “Are you a smoker?” may elicit a 
“No” response from an exsmoker whereas the question “Have you 
ever smoked?” would be answered “Yes”. 


outside the home. 

• Questionnaires necessarily involve some subjective ele¬ 
ments that are prone to recall bias. For example, a smoker who is 
symptomatic may be more likely to report the same symptom in 
his/her child (Schenker et al., 1983; Ferris et al., 1985). 

Many tests are prone to measurement error, which tends to 
obscure differences between groups of subjects. For example, it 
may be necessary to repeat lung function measurements for a 
given individual and to average results to get a reliable estimate. 
Lung function tests are often not sensitive to the structural and 
functional changes associated with lung disease (Drill and Thomas, 
1980). 


CROSS-SECTIONAL STUDIES 

In the following sections, selected cross-sectional studies of 
respiratory symptoms, lung function, and respiratory infections 
and longitudinal studies of lung functions are reviewed. The stud¬ 
ies reviewed here are larger studies in which attempts have been 
made to standardize assessments and many of the data-gathering 
techniques, including interviews. 

Studies of Respiratory Symptoms in Children 

Almost all of the cross-sectional studies that have compared 
children of parents who smoke with the children of parents who 
do not smoke have reported increased prevalences of respiratory 
symptoms, usually cough, sputum, or wheezing, in the children 
of smoking parents. Some studies, including some that have not 
found a statistically significant increase in the prevalence of res¬ 
piratory symptoms in ETS exposed children, have demonstrated 



in increase in respiratory symptom prevalence with an increasing 
lumber of parents or other adults who smoke in the home (see 
>elow). 

Three problems are especially important for studies of respi- 
atory symptoms in children, i.e., underreported active smoking 
m the part of children, recall bias leading to overreporting of 
ymptoms by parents, and the confounding variables of infections 
n parents. All three may lead to overestimation of symptom 
>revalences among children of smokers. Recall bias would occur 
f parents who have respiratory symptoms are more likely to re¬ 
tort those symptoms in the children. (The possiblity also exists 
hat parents with these symptoms would look upon them as so 
ommonplace as not to be worthy of mention). Parents who are 
mokers are also more likely to have more respiratory symptoms 
md respiratory infections. Respiratory infections (and, as a conse- 
[uence, symptoms) among children of smokers may be the result of 
lirect transmission of infectious agents from the parent or may be 
:aused by inflammation and irritation of lung tissues due to ETS 
sxposure and consequent increase in susceptibility to infection. It 
as been observed that parents, especially mothers, who have a 
listory of severe respiratory illness report higher rates of respira¬ 
tory symptoms in their children (Schenker et al., 1983; Perris et 
il., 1985). 

Various ways of dealing with these potential sources of bias 
ave been proposed. Restricting the study or analysis to children 
)elow age 8 is likely to eliminate bias due to underreporting of 
children who currently smoke. It is more difficult to handle the 
werreporting of symptoms in children when the parents have 
respiratory symptoms. 

An additional problem for interpretation of parental reports 
)f respiratory symptoms was noted by Schenker et al. (1983). 
[n their study, children whose questionnaires were completed by 
fathers had significantly fewer symptoms reported than children 
ivith mother-completed questionnaires. There was no comparison 
nf questionnaires completed separately by both mother and father 
for the same child. Because the rates for symptoms as reported 
by the mother were similar to what was found in other studies 
and because the fathers reported significantly fewer symptoms, 
the investigators suggested that fathers underreported symptoms 
in their children. 



was greater than unity but was no longer statistically significant 
[Mantel-Haenszel odds ratio for all respiratory symptoms calcu¬ 
lated from data presented is 1.35 (95% confidence limits of 0.91 to 
1.98)]. Most symptoms were reported more frequently for children 
in currently smoking families. 

Ferris et al. (1985) have argued that correcting for parental 
symptoms represents an overcorrection for respiratory symptoms 
in children since it also corrects for the parents’ smoking habits. 
In the Harvard Air Pollution Respiratory Health Studies (Six- 
Cities Study) of 10,106 white children aged 6-9 years, the variable 
indicating whether the parent had a history of bronchitis, emphy¬ 
sema, or asthma was found to be a highly significant independent 
risk factor for cough and wheeze and a history of respiratory ill¬ 
ness among children (Figure 11-2). Children whose parents had 
a positive history had 72-155% higher symptom and illness rates 
than children whose parents had no history of these illnesses. Ad¬ 
justment for parental respiratory history reduced the size of the 
estimated effects of maternal smoking on respiratory symptoms 
and illnesses by 20 to 30%, but the associations remained statisti¬ 
cally significant for most of the outcome symptom and respiratory 
illness variables (odds ratios of 1.23 and 1.28, respectively). 

In both the Lebowitz and Ferris studies, adjustment for par¬ 
ental symptoms or respiratory illness decreased the strength of 
the apparent association between exposure to ETS and respira¬ 
tory symptoms, but did not eliminate it. This finding leads to 
the reasonable conclusion that the exposures typical of ETS are 
sufficient to cause respiratory symptoms in some children. The in¬ 
creases in frequency of cough were 20 to 50%, and as high as 90%, 
when there were smoking parents. The increases in frequency of 
wheezing were more variable, which may indicate the difficulty in 
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CURRENT MATERNAL SMOKING (CIG/DAY) 

URE 11-2 Relative odds of respiratory illness or symptoms versus 
age daily cigarette smoking by the child’s mother. Reference value is 
cigarettes per day. From Ferris et al. (1985). 


jssing this symptom. Furthermore, there appears to be a dose- 
Donse relationship between exposure and the likelihood of the 
d’s developing respiratory symptoms or a respiratory illness. 
;he Harvard Study, a significant dose-response relationship was 
orted; the more mothers who smoked, the greater the risk of 
nratory symptoms and illnesses among their children. 


Studies of Lung Function in Children 

A more quantitative measure of the impact of ETS on the lung 
tained by measures of lung function. Many of the studies that 
e examined the relationship between passive smoking and lung 
tion have been cross-sectional. 


Most studies have examined the effect of exposure to parental 
smoking rather than ETS exposure outside the immediate family. 
It is assumed that children are less likely than adults to be exposed 
to occupational irritants. The cumulative burden of respiratory 
insults is, therefore, likely to be smaller in children than in adults. 
It is often difficult (but not impossible) to measure lung function 
in young children and also hard to dissect out the relative con¬ 
tribution of ETS and that of natural variation and the effect of 
respiratory infections to pulmonary damage. 

A majority of the studies (reviewed in Table 11-3) has shown 
a small decrease (up to 0.5% FEV X per year) in rate of increase 
in lung function associated with normal growth in children living 
with one or more parents who smoke compared with those living 
with nonsmoking parents (Table 11-3 and Figure 11-3). These 
differences have usually been statistically significant. Although the 
mean effect is small, there are individuals in each study who have 
large decrements in growth of lung function. Some studies have 
found a dose-response relationship with the number of smokers 
in the home or the amount smoked (Hasselblad et al., 1981). 
Ware (1984) shows (see Figure 11-4) a highly significant negative 
association between maternal smoking level and FEV X at both the 
baseline and follow-up examinations. For a child of a mother who 
smoked one pack of cigarettes per day compared with a child of a 
nonsmoking mother, the FEVi was 0.7 ± 0.2% lower at the baseline 
examination and 0.8 ± 0.2% lower at the follow-up examination 1 
year later. This amounts to a 10- to 20-ml difference for a child 
with an FEVi between 1.5 and 2.5 L. In most studies, only the 
maternal effect was statistically significant. This may be because 
mothers usually spend more time with their young children than 
fathers. 

A study carried out in Shanghai in the People’s Republic of 
China reported a clear paternal effect. Chen and Li (1986), in a 
cross-sectional study of 303 boys and 268 girls aged 8-16, found 
that the number of cigarettes smoked by fathers was linearly re¬ 
lated to a decrease in FEVi and FEF 25 _ 75 %, the average forced 
expiratory flow during the middle half of the period of expira¬ 
tion. None of the mothers in this study were smokers; therefore, 
there was no maternal effect in that population. Differences in 
father’s smoking status accounted for 0.5% of the variation among 
individuals in FEVi and 1.2% of the variation in FEF 25 _ 75 %. 
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p <.003 p<.02 NS NS NS p<.02 

MALES FEMALES 

'IGURE 11-3 Mean percent lung function, by parental smoking, of non- 
moking males and females, ages 10-19, 1962-1965, from Tecumseh, Michigan, 
lurchfiel et al. (1986). 


The most important contributors to variation in lung function 
,mong children are size-related factors such as sex, age, and height, 
[’hese account for about 50-60% of the variation (Comroe et al., 
962). 

It is not possible to determine whether ETS is directly caus- 
ng the decreased lung function observed in children of smoking 
>arents or if an increased infection rate in these children (see be- 
w) is responsible for the decrease. The annual small decrease 
n FEVi, which is related to exposure to ETS, is unlikely to be 
linically significant. However, the effect may be important in two 
espects. First, the existence of statistically significant differences 
elated to parental smoking leads to the conclusion that there are 
>athophysiologic effects of exposure to ETS in the lungs of the 
[rowing child. It may be an in utero effect, an effect on the grow- 
ng and remodeling lung, or both. Second, it raises the question of 
vhether the child who is adversely affected by parental smoking 
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20 


40 


60 


MOTHER’S DAILY CIG 

FIGURE 11-4 Mean of pulmonary function residual (± 1 SD) by mothers’ 
reported daily cigarette smoking, compared with children whose mothers 
have never smoked. Squares represent the first examination (n. = 7,112) and 
triangles represent the second examination (n = 6,278). From Ware et al. 
(1984). 


may be at an increased risk for the development of chronic airflow 
obstruction in adult life. An accelerated decline in lung function 
could increase the risk of chronic pulmonary disease (Samet et al., 
1983). 


Studies of Lung Function in Adults 

White and Froeb (1980) studied 800 nonsmoking, middle-aged 
subjects, out of a total population size of 2,100, and found a small 
statistically significant decrease (8%) in FEF 2 5 _ 75 % in both men 
and women who were nonsmokers exposed to ETS. The reported 
reduction in FEF 2 s_ 75 % for ETS exposed nonsmokers was almost 
identical to that of the smokers of 1-10 cigarettes per day. This 
raises questions about their findings. This study may suffer from 
problems of selection bias in the allocation of subjects to categories 
and the absence of any exsmokers (Adlkofer, et al., 1980; Aviado 
1980; Huber, 1980; Lee, 1982). 



>ports the conclusions that exposure to ETS may have an effect 
lung function in nonsmoking adults. The French Cooperative 
dy surveyed more than 7,800 adult residents of seven cities in 
mce in 1975 and found 1,675 were true nonsmokers. In men 
i women over 40, nonsmokers of either sex who had a spouse 
o smoked had a significantly lower FEF 26 _ 76% than those living 
;h a nonsmoker. These differences were not explained by social 
ss, educational level, air pollution, or family size. Among the 
men, there was also a significant difference in FEVi and a dose 
get was seen with the amount smoked by their husbands. These 
Ferences, only apparent in persons over 40, were small and were 
covered only following detailed examination of the data after 
g population had been stratified by age. 

Two other cross-sectional studies involving adult women have 
nd an effect of exposure to ETS on lung function. In a study 
220 married women aged 25 to 69 years from five U.S. cities, 
luffmann and coworkers (1986) reported that standardized resid- 
ls for FEVi and FEVi/FVC* for the group identified as pas- 
r e smokers were intermediate between the results of nonsmokers 
d current smokers. In a study of 163 nonsmoking women liv- 
l in a rural area of the Netherlands, Brunekreef and coworkers 
385) found that those exposed to ETS tended to have slightly 
ver mean values for all of the lung function variables measured, 
lese differences reached statistical significance for peak flow and 
5F 2 6-75% i n the 40- to 60-year-olds. The numbers in each of 
eir groups were small. No information was given on possible 
ildhood exposures to cigarette smoke of the women studied. 

Kentner and coworkers (1984), in a study of 1,351 white collar 
Drkers (941 men and 410 women) in northern Bavaria, and Com- 
Dck et al. (1981), a study that included 1,724 adults residents 
Washington County, Maryland, examined the potential effects 
ETS. In these studies, information was collected from subjects 
ing questionnaires and the subjects were then classified as never 
loked, exsmokers, and current smokers. The Kentner et al. study 
aluated home and workplace exposures, whereas the Comstock 
al. study evaluated only home exposures. In the Kentner et al. 
984) study, an additional classification was made for other smok- 
s, representing those who were cigar and pipe smokers. These 


* 


FVC is the forced vital capacity. 


investigators found no significant reductions in lung function with 
ETS exposure. 

In view of the large number of factors that affect lung function, 
it is not surprising that it is difficult to document the extent to 
which a single type of exposure affects lung function. The lungs 
of adults have been subjected to many environmental exposures 
and potential insults over a lifetime, making it unlikely that a 
specific effect could be isolated. The variability in lung function 
due to differences of the other factors tends to obscure effects of a 
single variable. In addition, results in adults should be evaluated 
for possible misclassification of exsmokers or occasional smokers 
as nonsmokers, as well as possible confounding by occupational 
exposures to other pollutants or to ETS. 

LONGITUDINAL STUDIES OF LUNG FUNCTION 
IN CHILDREN AND ADULTS 

An important unanswered question is whether exposure to 
ETS affects the way the lungs grow and develop during childhood. 
Respiratory symptoms, by themselves, may have little clinical 
significance but would be important if associated with a change 
in the rate of lung growth and development or the development of 
pulmonary pathology at older ages. 

There is evidence from two cohort studies (Table 11-4) that 
parental smoking may affect the rate of lung growth during child¬ 
hood. Tager and coworkers (1983), who have followed 1,156 el¬ 
ementary school children in East Boston, Massachusetts, over a 
7-year period, reported that maternal smoking was associated with 
a reduced rate of annual increase in FEVi and FEF 2 5 - 75 %. There 
was a reported 3-5% decrease in expected lung growth over the 
7-year period. 

Burchfiel and coworkers (1986) examined pulmonary function 
in 3,482 children in Tecumseh, Michigan. Children 0 to 19 years 
old were followed for 15 years, during which time questionnaire 
information was collected from both parents. FEVi and FVC 
values were significantly lower by 5% in male nonsmokers 10 to 19 
years of age whose parents were current smokers. 

The Harvard Air Pollution Respiratory Health Studies (Ferris 
et al., 1985; Berkey et al., 1986) (Figure 11-5) show a relatively 
smaller effect than that reported by Tager and coworkers (1983). 
The Harvard study included 7,834 children between the ages of 
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pie, average FVC at age 8 for a child whose mother smoked on< 
pack per day, was 0.33% higher than a child with a nonsmokinj 
mother. On the other hand, the growth rate for FVC was 0.179 
lower for a child with a smoking mother. This would be equivalen 
to a 2.8 percent decrease in pulmonary development throughou 
childhood and implies a decrease in the development of pulmonar; 
function in children of smoking parents. 

In view of the effects that climatic conditions can have oi 
housing characteristics, and subsequent ventilation rates, it wouL 
be advantageous to conduct longitudinal studies in regions of th 
United States other than the Northeast. In any future studies 
great care should be taken, as it was in the two cohort studies, t 
account for potential confounding variables in the analyses, sue 
as socioeconomic status and gas cooking. Another aspect the 
deserves more attention in future studies is the effect on children 
pulmonary function when parents stop smoking. 


THE EFFECT OF PASSIVE SMOKING 
ON RESPIRATORY INFECTIONS 

There is now strong evidence that bronchitis, pneumonia, an 
other lower-respiratory-tract illnesses occur more frequently (; 
least during the first year of life) in children who have one < 
more parents who smoke (see Table 11-5). Evidence that th 
increased frequency of acute respiratory infections continues ini 
later childhood is less convincing, although the evidence from bof 
cross-sectional studies and cohort studies shows such a trend. 

Harlap and Davies (1974) followed a cohort of 10,672 infan 
born in Israel between 1965 and 1968. Admissions to the hospit 
during the first year of life were recorded. Information about m 
ternal smoking was obtained during the pregnancy only. Infan 
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GURE 11-5 Calculation of growth rate and level of ln(FEVi) for an 
dividual child. The residuals in the upper panel, i.e., the difference between 
iserved and predicted ln(FEVi), were regressed on age in the lower panel, 
om Berkey et al. (1986). 


‘th major congenital malformations and those dying before their 
:st birthday were excluded from the study. For the total popu- 
tion studied, there were 25.4 admissions per 100 babies under 
year of age. The infants of mothers who smoked had a 27.5% 
•eater hospital admission rate for pneumonia and bronchitis than 
lildren of nonsmoking mothers. A dose-response relationship was 
so found between the amount of maternal smoking and admis- 
ons to hospital for pneumonia and bronchitis. 

Colley (1974; Leeder et al., 1976) carried out a similar study 
i London. The study involved a birth cohort of 2,205 infants born 
tween 1963 and 1965. In this group of children, the incidence of 
neumonia and bronchitis in the first year of life was associated 
ith the parents’ smoking habits. This was true whether or not 
le parent has respiratory symptoms. The incidence was lowest 
>r children of nonsmoking parents, highest in families where both 
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iarents smoked, and intermediate where one parent smoked. This 
ffect was not seen consistently over age 1. 

A third birth-cohort study, involving 1,265 children in New 
lealand, was reported by Fergusson et al. (1981). They studied 
he children from birth to age 3 years and found an increase in both 
•ronchitis/pneumonia and lower respiratory illness during the first 
ear in children whose mothers smoked. During the second year, 
he relationship between maternal smoking and lower respiratory 
llness was equivocal. The relationship disappeared by the third 
ear. There was no effect observed of paternal smoking on the 
ncidence of lower respiratory illness. Using logistic regression, 
hey found that the rates of lower respiratory illness were related 
o maternal smoking. For each five cigarettes smoked per day 
>y the mother, there was an increase of 2.5-3.5 lower respiratory 
'events” per 100 children at risk. Adjustment for maternal age, 
ducation, family size, and family living conditions did not change 
he relationship. 

Rantakallio (1978) studied the effect of maternal smoking dur- 
g pregnancy on morbidity and mortality of children to age 5 
>ased on 12,068 births. Smoking status on the mother was only 
ivailable from antenatal interview. Perinatal mortality was not 
tigher among children of smokers, however, postneonatal mor¬ 
ality (between 28 days and 5 years) was significantly increased. 
Children of smokers were hospitalized for respiratory illness sig- 
lificantly more often than children of nonsmokers and the average 
luration of hospitalization was longer among children of smokers. 

Two case-control studies evaluated smaller groups of children 
lospitalized for respiratory infection and nonhospitalized controls. 
3 ullan and Hay (1982) studied 130 children who were hospitalized 
vith a documented respiratory syncytial virus (RSV) infection in 
nfancy and 111 controls. They found that children hospitalized 
vith documented RSV infections were more likely to have mothers 
vho smoked and that the children had an excess of wheeze and 
isthma and lower levels of pulmonary function, which persisted to 
ige 10. Sims et al. (1978) also suggested that cigarette smoking 
:>y parents during a baby’s first year of life is associated with an 
ncreased risk of RSV infections. 

Speizer et al. (1980) studied approximately 8,000 children, 
iged 6-10 years, from six communities in the United States as part 
af a prospective study of the health effects of air pollution (Harvard 
Air Pollution Respiratory Health Studies). Parental smoking and 


sex of the child was associated with respiratory disease b( 
2, after other variables had been taken into account. Child: 
households with gas cooking also gave a history of more 
respiratory illness before age 2 than children from househc 
electric cooking. 

Dutau et al. (1981) studied 892 children under age 
south of France who were seen by a pediatrician or hospitr 
various reasons. They found a significant correlation beb 
annual incidence of pulmonary infections and the total ni 
cigarettes smoked inside the house. 

Pedreira et al. (1985) followed all newborns (1,144 
seen by a group of pediatricians for a first well-baby exaj 
between 1976 and 1981. They found that tracheitis and b 
occurred significantly more frequently (89% and 44%, resp 
in infants whose parents smoked and that maternal smc 
posed greater risks upon the infants than paternal smoki 

One study looked at the frequency of tonsillectomie 
adenoidectomies in children (Said et al., 1978). They f< 
frequency was significantly increased among children with 
parents. However, the smoking status reported for the pa 
have been current smoking status, even though the operai 
occurred 5 to 15 years previously. 

All the studies that have examined the incidence oi 
tory illnesses in children under the age of 1 year have 
positive association between such illnesses and exposure 
The association is very unlikely to have arisen by chanc< 
represent a direct association between ETS exposure an 
(a causal explanation) and/or an indirect one (noncausa 
because children living in homes of smokers are at risl 
diseases for other reasons. Some of the studies have exari 
possibility that the association is indirect by allowing for c 
ing factors—such as social class, parental respiratory illn 
birthweight—and have concluded that such factors do nc 
the results. This argues, therefore, in favor of the caus 
nation. Such an explanation is supported by the evid' 
dose-response relationship specific for respiratory diseas 
11-6 and 11-7). Also, the mother’s smoking is more lik 
feet the infant than the father’s smoking, since the pro 
mother and child is closer during the child’s first year 
effect is more marked and consistent than later in child’ 
Fergusson et al., 1981). This also supports a causal, ra 



i indirect, explanation. Therefore, the evidence indicates that 
noking in the home does increase the incidence of respiratory 
ness in infants. 

The mechanism for this increase is less certain. It could rep- 
sent a direct effect of ETS on the respiratory tract of the infant 
• it could be due to such infants’ being exposed to more parental 
ispiratory infections as a result of their parents’ smoking. Ei- 
ier way, smoking in the home appears to increase the rate of 
sspiratory illness in young children. 

WHEN DO PULMONARY EFFECTS 
OF PASSIVE SMOKING OCCUR? 

The weight of evidence is that there are clearly observable 
Tects of ETS on the respiratory system. These effects include an 
icrease in the incidence of acute respiratory infections in early 
ifancy; increased prevalance of cough, sputum production, and 
heezing; and a decrease both in lung function measured at an 
istant in time and in the growth of lung function. The finding of 
ifferences in symptom prevalence, respiratory infection rates, and 
mg function among children exposed and not exposed to ETS is 
ften interpreted as evidence of a chronic effect of ETS on the 
'rways. This is probably true, and it is unlikely that ETS is not 
n upper- and lower-respiratory-tract irritant in children. 

The possibility that there is an effect of maternal smoking in 
tero as well must be considered. Evidence of an in utero effect in 
regnant rats exposed to whole tobacco smoke has been reported 
y Collins et al. (1985). These investigators reported that pregnant 
its exposed to smoke daily from day 5 to day 20 of gestation, when 
ompared with control rats, showed reduced lung volume at term 
nd saccules that were reduced in number and increased in size, 
’he internal surface area of the lung was decreased. The relevance 
this study to maternal smoking during pregnancy in humans is 
ot yet clear and deserves further investigation. 

Other factors that may alter the time when ETS effects dur- 
ig childhood include the relative immaturity of the immunologic 
ystem and the growth and remodeling that are occurring in the 
nmature lung. The infant lung differs in a number of impor- 
nt ways from the adult lung: (1) T-lymphocyte and macrophage 
inction are not fully developed at birth, (2) there is increased 
sceptibility to infection as a result of comparatively immature 
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Wiedemann Nine patients with near normal Room: 4.25 nr No change in expiratory flow rates; Patie 
et al., lung function; ages 19-30 Time: 1 h small decrease in bronchial reac- wit 

1986 Cig.: n.g. tivity; PD 2 oFEV, increased from 

CO: 40-50 ppm 0.25 to 0.79 with methylcholine 



table 11-7 Admission Rates in the First Year of Life 
for Bronchitis and Pneumonia per 100 Infants by 
Maternal Smoking and Number of Cigarettes Smoked 
Daily (Number of Infants in Parentheses) 


Nonsmokers 


Never 

Smoked 

Former 

Smokers 

Smokers 

(Cigarettes per day) 


Total 

(8,900) 

(786) 

1-10 

(747) 

11-20 

(179) 

21 + 
(60) 

(10,672) 

9.6 

7.8 

10.8 

16.2 

31.7 

9.8 


NOTE: Differences among three categories of smoker p < 0.001. 
SOUltCE: Harlap and Davies (1974). 


lung defenses, (3) the internal diameter of the small airways is ex¬ 
tremely small and vulnerable to obstruction, and (4) the newborn 
child has its full complement of airways at birth but only a small 
proportion of the alveoli. During childhood the airways grow in 
internal diameter, and the alveoli both multiply and increase in 
size. 

The question of the timing of the effect of ETS on the grow¬ 
ing and developing lung remains to be elucidated. If the effect is 
in utero, the question of how this carries over into infancy and 
childhood must be addressed. Likewise, the carryover effects of 
increased incidence of respiratory infections in infancy must be 
determined. In this regard, there is already some information 
relating early childhood respiratory illness to subsequent respi¬ 
ratory symptoms and impaired lung function later in childhood 
(Woolcock et al., 1984; McConnochie, 1985). Evidence is also 
accumulating that respiratory infections in early childhood are re¬ 
lated to an accelerated decline of FEVi in adult life (Burrows et 
al., 1977b; Lebowitz and Burrow, 1976). If this is so, and if expo¬ 
sure to ETS increases susceptibility to acute respiratory infections 
in infancy, ETS may have a carryover effect into adult life. 

From the evidence to date, it appears that the effects of ex¬ 
posure to ETS may start in utero by altering the growth pattern 
of the fetal lung. In infancy, exposure to ETS may increase sus- 
ceptilibity to viral respiratory infections that in turn may have a 



carryover effect into later childhood and adult life. Direct effects of 
ETS as an airway irritant are also likely, although the dose by itself 
may be insufficient except for the most susceptible individuals to 
cause symptoms and/or functional impairment. It is unlikely that 
exposure to ETS can cause much emphysema. As one of the many 
pulmonary insults, however, ETS may add to the total burden 
of environmental factors that become sufficient to cause chronic 
airway or parenchymal disease. 


STUDIES OF ACUTE PULMONARY EFFECTS 

Several studies have examined acute responses to ETS. Be¬ 
cause asthmatics may be hypersensitive to exposures to noxious 
agents, a number of studies have also searched for acute effects 
of exposure to ETS among asthmatic populations. Other studies 
have been conducted on normal healthy adults. 

Normal Subjects 

Pimm et al. (1978) compared various physiologic responses of 
nonsmokers to either room air or room air plus machine-generated 
cigarette smoke. Each smoke exposure consisted of combustion of 
four cigarettes to produce an extremely polluted room with high 
levels of carbon monoxide (24 ppm) and particles (greater than 
4 mg/m 3 ). Pulmonary function tests, nitrogen washout curves, 
blood carb oxyhemoglobin levels, and heart rates were measured 
before, during, and after a 2-hour exposure. A few statistically 
significant differences between smoke and ambient air exposure 
days were found. The differences were small and were considered 
by the investigators to be of questionable importance. Subjec¬ 
tive complaints were common in this and other acute cigarette 
smoke exposure studies, particularly eye irritation and cough. CO 
and suspended particles are thought to be less important than 
the phenols, aldehydes, and organic acids in producing this symp¬ 
tomatology (Hinds and First, 1975). 

Shephard et al., (1979b) utilized a protocol similar to Pimm et 
al. (1978) but under conditions of intermittent moderate exercise 
(increasing the respiratory volume per minute 2.5 times). Moder¬ 
ate and heavy ETS exposures were considered, associated with CO 
concentrations of 20 and 31 ppm, respectively. Neither exercise 



table 11-8 Pneumonia and Bronchitis by Parents 
Smoking in First Year of Follow-up, Annual Incidence 
per 100 Children (Number of Infants in Parentheses) 


Both 

Both or One 
Exsmokers or 
Smoking Habits 

One 

Both 


Nonsmokers 

Changed 

Smoker 

Smokers 

All 

7.8 


■EH 

w 

11.5 

(372) 




(2,077) 


SOURCE: Colley et al. (1974). 


nor exposure level significantly influenced symptomatology. Small 
decrements (3-4%) in FVC, FEVi, Y maxba %, and V maa . 26% (the 
volumes of air expired during the first half of the period of forced 
expiration or first quarter of the period, respectively) were noted 
in response to smoke exposures; however, static lung volumes were 
unaffected. Eye irritation and odor complaints were very common. 
One subject complained of wheezing and chest tightness, although 
his pulmonary function was not significantly impaired. Subjective 
symptom scores were higher overall for the higher smoke exposure 
(13.8 versus 10.3 points/subject at the lower exposure). A few 
subjects reported cough, nasal discharge, or stuffiness and throat 
irritation. 


Asthmatic Subjects 

A number of studies have examined acute pulmonary re¬ 
sponses of asthmatic patients to exposure to ETS (Table 11-8). 
However, the mechanisms for bronchoconstriction among asthmat¬ 
ics differ. Therefore, the comparison between study populations 
and between individuals within studies is difficult. 

Shephard et al. (1979a) examined asthmatic persons to de¬ 
termine whether their response to ETS exceeded that of normal 
subjects in a previous study. The subjects (9 men and 5 women; av¬ 
erage age, 37 years) were exposed for 2 hours to machine-generated 
smoke (CO, 24 ppm). None of the patients had current respiratory 
infections, but some may have had associated chronic bronchitis 
or pulmonary emphysema. No significant alterations in dynamic 
lung volumes (FEVi, V moa . S0% , and V max2 s%) were detected when 
the asthmatics’ responses to ambient air and cigarette smoke were 
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that asthmatics did not have unusual measurable responsivenei 
to ETS exposure in this study. 

The findings of Dahms et al. (1981) contrast with those < 
Shephard et al. (1979a). The exposure in this study was less ii 
tense, i.e., 1 hour at CO levels of 15-20 ppm. The patients wei 
16 to 39 years old, had mild impairment, and were on medicatioi 
except for the restriction that no bronchodilators might be use 
within 4 hours previous to the test. Five of the patients reporte 
specific complaints when exposed to ETS. When compared wit 
control subjects, asthmatics showed significant pulmonary fun 
tion changes following 1 hour of smoke exposure. FVC decrease 
20% and FEVi declined 21.4% in the asthmatic subjects. The: 
decreases are very large compared with the other studies. Base 
on a 0.40% increase in blood carboxyhemoglobin, the enviro: 
mental CO concentration was calculated to be between 15 ar 
20 ppm—compared with approximately 24 ppm in the Shephai 
et al. (1979a) studies. Reasons for the discrepancy between tl 
Dahms and Shephard studies results are not clear, nor do Dahr 
et al. (1981) cite or discuss the earlier Shephard et al. (1979 
findings. 

Knight and Breslin (1985) evaluated six nonsmoking patient 
The details of the subject population and exposure conditio: 
were not specified. They measured a mean fall in FEVi of 11 
following exposure to ETS. Using a histamine inhalation test, th 
found that the provocative concentration (or dose) that produce 
a 20% fall in FEVi (PC 20 FEV 1 or PD 20 FEV 1 ) decreased followii 
exposure to ETS. This indicates an increased bronchial reactivi 
to histamine. The authors hypothesized that the airways may ! 
primed to react more vigorously to other triggers. 

Wiedemann et al. (1986) evaluated nine asthmatic individu; 
(aged 19 to 30 years) with normal or nearly normal lung functii 
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ETS. Six patients reported a history of reaction to ETS These 
subjects, all of whom were off medication, were exposed for 1 hour 
[CO between 40 and 50 ppm). Their carboxyhemoglobin levels 
ncreased an average of 0.86% (p < 0.001), FVC decreased 2% 
[p < 0.01), and FEV! declined 1% (not statistically significant). 
Airway re activity was assessed using a methylcholine challenge 
;est. The PD^FEVi increased from 0.25 ± 0.22 on the day before 
exposure to 0.79 ± 1.13 postexposure (p < 0.05), indicating a 
lecrease in airway reactivity following exposure. The magnitude 
jf this decrease was small, and the clinical meaning of the change 
s uncertain. 

There are a number of possible reasons for the apparent in- 
;onsistency among these studies, not the least of which is small 
jample sizes. The subjects have not been characterized fully. As 
roted by the authors, the stability of patients and mechanisms of 
Dronchoconstriction differ among subjects. For instance, patients 
vere included in several of these studies, regardless of whether 
jhey were hypersensitive on the methylcholine challenge test. Fur- 
:her, some studies were performed on medicated patients. None 
Df the studies could be performed blind to the presence of ETS. 
Therefore, the authors could not exclude the possibility that pul¬ 
monary function changes could be emotionally related to cigarette 
smoke exposure, especially in those patients who reported previous 
histories of adverse response to ETS exposure. 

There are several issues that are unresolved by these studies. 
For instance, what proportion of a clearly defined population of 
asthmatics do react to ETS? If the patients are selected according 
to methylcholine or histamine responsiveness, criteria should be 
iven for the extent of responsiveness, since it is a continuum. To 
ddress the issue of degrees of sensitivity, the appropriate case- 
ontrol or cross-over studies, with carefully selected populations, 
eed to be done. 

Mechanisms of Response 

The mechanisms responsible for eye irritation and rhinitis, as 
well as possible changes in airway size, are almost entirely un¬ 
known. They could represent irritant effects from gases such as 
oxides of nitrogen, acrolein, ammonia, and other reactive con¬ 
stituents. Lundberg et al. (1983) reported that throat irritation 
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ulate substance P release from local capsaicin-sensitive afferent 
neurons in the airway mucosa. It is also possible that an allergic 
mechanism could be involved. Several authors have described al¬ 
lergic reactions to cigarette smoke (see, for example, Zussmann 
1970). Cutaneous hypersensitivity to tobacco antigens has been 
described in clinical settings (Becker et al., 1976). Constituents 
of tobacco smoke have also been shown to be immunogenic in 
laboratory animals (Becker et al., 1979; Gleich and Welsh, 1979). 

During the last 10 years, Becker and colleagues (1979, 1981- 
Becker and Dubin, 1977) have isolated a tobacco glycoprotein both 
from cured tobacco leaves as well as from cigarette smoke con¬ 
densate. Animals that were previously sensitized to this antigen 
had both pulmonary and cardiovascular changes when challenged 
(Levi et al., 1982). However, the role, if any, of this antigen, as 
well as other antigens that may be present in tobacco smoke, in 
the pathogenesis of cardiopulmonary disease in active smokers, let 
alone nonsmokers exposed to ETS, remains controversial. 

SUMMARY AND RECOMMENDATIONS 

There have been many studies of respiratory effects of expo¬ 
sure to ETS to children. In view of the weight of the scientific 
evidence that ETS exposure in children increases the frequency of 
pulmonary symptoms and respiratory infection, it is prudent to 
eliminate smoking and resultant ETS from the environments of 
small children. 

What Is Known 

1. Children of parents who smoke compared with the children 
of parents who do not smoke show increased prevalences of respi¬ 
ratory symptoms, usually cough, sputum, and wheezing. The odds 
ratios from the larger studies, adjusted for the presence of parental 
symptoms, were 1.2 to 1.8, depending on the symptoms. These 
findings imply that ETS exposures cause respiratory symptoms in 
some children. 

2. Estimates of the magnitude of the effect of parental smoking 
on FEVi function of children range from zero to approximately 
0.5% decrease per year. This small effect is unlikely by itself to 
be clinically significant. However, it may reflect pathophysiologic 


effects of exposure to ETS in the lungs of the growing child and, 
as such, may be a factor in the development of chronic airflow 
obstruction in later life. 

3. Bronchitis, pneumonia, and other lower-respiratory-tract 
illnesses occur up to twice as often during the first year of life in 
children who have one or more parents who smoke than in children 
of nonsmokers. 


What Scientific Information Is Missing 

1. ETS exposure during childhood may influence the devel¬ 
opment of airway hyperresponsiveness in adult life. Research is 
needed to address this issue. To evaluate the timing of physiologic 
changes during development may require animal studies. 

2. Future cross-sectional studies of ETS exposure and lung 
function in adults need to be designed to control for other factors 
that may affect lung function. 

3. Little information is available from long-term longitudinal 
studies of the effect of exposure to ETS by nonsmokers on lung 
function in either children or adults. Studies need to be carried 
out in areas with different climates and characteristics of housing 
over long enough periods of time to assess the effects of changing 
smoking patterns. Animal studies may also be required to address 
these longitudinal questions. Intervention studies, in which par¬ 
ents stop smoking in the presence of children, should be done to 
assess the reversibility of these effects. 

4. The pathophysiologic mechanism of increased susceptibility 
to viral infections in very young children exposed to ETS has not 
been clarified. 

5. The extent to which normal and asthmatic adults are af¬ 
fected by short-term exposures to ETS needs to be studied further. 

6. The few studies of the effect of short-term ETS exposure of 
asthmatic patients and of nonasthmatics are not consistent. This 
may be because they have not been conducted under adequate 
control and have examined persons with considerable variability 
in the severity of asthmatic disease and airway responsiveness. 
Future studies should carefully define the populations when ad¬ 
dressing issues of frequency of reaction to ETS and should be done 
separately on hyperresponsive and nonhyperresponsive patients 
when addressing issues of severity of reaction to ETS. 


lunction between the end ot the peak growth period and adult lif< 
to assess the possible reversibility of effects. 
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12 

Exposure to Environmental 
Tobacco Smoke and Lung Cancer 


The risk of lung cancer in cigarette smokers is directly related 
to the number of cigarettes smoked. At low-to-average levels of 
smoking, this relationship is approximately linear and with no 
apparent threshold, although there are good theoretical reasons 
to believe that the true dose-response curve should be curvilinear 
and probably quadratic (Doll and Peto, 1978; Gart and Schneider- 
man, 1979). Among smokers, an increase in exposure leads to an 
increase in risk, as long as the additional tobacco smoke, whether 
through active or passive smoking, reaches the bronchial epithe¬ 
lium. Passive smoking would, therefore, be expected to cause some 
increase in risk of lung cancer in active smokers, as well as in any 
other persons in whom the appropriate tissues are exposed. 

The studies reviewed in this chapter have attempted to ad¬ 
dress the questions of whether an increase in risk of lung cancer 
does occur in nonsmokers exposed to ETS and whether the dose- 
response relationship is similar to that in smokers. In part, this 
depends on whether there is a threshold dose of cigarette smoke 
exposure below which there is no increase in risk. Biological theory 
and current evidence on low-dose exposure to carcinogens do not 
provide evidence for such a threshold, and it is generally thought 
that one is unlikely (Office of Science and Technology Policy, 1985). 
If there is no threshold, it follows that exposure to tobacco smoke 
at low concentrations, such as that experienced by nonsmokers 
exposed to ETS, will cause an increased risk of lung cancer. The 
risk, of course, will be expected to be very much smaller than 
that associated with active smoking because of the much lower 
exposure of the bronchial epithelium to tobacco smoke. 
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table 12-1 Urinary Cotinine (ng/rnl) in Nonsmokers 
According to Number of Reported Hours of Exposure 
to Other People’s Tobacco Smoke Within the Past 7 
Days (Including Day Urine Sample Was Collected) 


Duration of Exposure 

Quintile Limits (h) 

No. 

Urinary Cotinine, 
mean ± SD" 

1st 

0.0-1.5 

43 

2.8 ± 3.0 

2nd 

1.5-4.5 

47 

3.4 ± 2.7 

3rd 

4.5-8.6 

43 

5.3 ± 4.3 

4th 

8.6-20.0 

43 

14.7 ± 19.5 

5th 

20.0-80.0 

45 

29.6 ± 73.7 

All 

0.0-80.0 

221 

11.2 ± 35.6 


“Trend with increasing exposure was significant (p < 0.001). 
SOURCE: Wald et al. (1984). 


USING BIOLOGICAL MARKERS 
TO ESTIMATE RISK 

Cotinine, a metabolite of nicotine, while of itself not con¬ 
sidered a carcinogen, is a useful marker of exposure to tobacco 
smoke, whether through active or passive smoking. Table 12-1 
shows that the mean urinary cotinine concentration increases with 
the estimated exposure to other people’s tobacco smoke over the 
past 7 days. Much of these data, collected in the United King¬ 
dom (Wald et al., 1984), showed that nonsmokers had, on average, 
about 0.4% of the concentration of urinary cotinine found in active 
smokers. Similar work done in Japan suggested that nonsmokers 
had relatively high cotinine levels, about one-seventh the levels in 
average Japanese smokers (Matsukara et al., 1984). The reason for 
this difference is not known and it needs to be investigated. How¬ 
ever, in both countries studies showed increasing urinary cotinine 
levels in proportion to the estimated increasing ETS exposure. 

In most of the epidemiologic studies that assessed the relation¬ 
ship of lung cancer to ETS-exposed nonsmokers, the measure of 
exposure used was “living with a smoking spouse.” The observed 
risks of lung cancer for nonsmokers were compared for those living 
with a smoking spouse and those living with nonsmokers. While it 
is reasonable to believe that people living with smokers would be 
more heavily exposed to ETS than people living with nonsmokers, 



this would seem to be a relatively insensitive measure of expo¬ 
sure. Many people who are exposed to other peoples’ smoke may 
not always be married to smokers. Even if they are married to 
smokers, they are likely to be exposed to their spouses’ smoke for 
only a relatively small proportion of the day. The possibility exists 
that they may be exposed to other people’s smoke, for instance, 
at work, or while in other public places. 

A study using urinary cotinine levels as a measure of expo¬ 
sure, however, showed that “marriage to a smoker” may identify 
individuals who are more exposed to tobacco smoke in general, not 
simply from their spouses (Wald and Ritchie, 1984). Table 12-2 
shows that the exposure to other people’s smoke was greater for 
men married to smokers than for men married to nonsmokers (me¬ 
dian hours of reported exposure of 21.1 and 6.5 hours per week, 
respectively). - Of particular relevance for epidemiologic studies 
is the fact that exposure is greater outside the home as well as 
within the home. A reasonable interpretation of this fact is that 
men married to smokers might be more tolerant of other people’s 
smoke than men married to nonsmokers and are less likely to seek 
out smoke-free environments outside the home. Similar results, 
based on questionnaire information, have been reported by others 
(Friedman et al., 1983). 

These results corroborate the use of a spouse’s smoking his¬ 
tory as a method of classifying nonsmokers into groups that have 
different exposure levels to tobacco smoke. Using data from the 

table 12-2 Urinary Cotinine Concentration and Number of Reported 
Hours of Exposure to Other People’s Tobacco Smoke Within the Past 7 
Days in Nonsmoking Married Men According to Smoking Habits of 
Their Wives 


Exposure to Other People’s Smoke in 
Urinary Cotinine Preceding Week, h 

Concentration, - 

Smoking No. n g/mi Total Outside Home 

Category of - - - 


of Wife 

Men 

Mean (SE) 

Median 

Mean (SE) 

Median 

Mean (SE) 

Median 

Nonsmokcr 

101 

8.5(1.3)'' 

wm 

11.0(1.2)* 

6.5 

10.0(1.2)" 

6.0 

Smoker 

20 

25.2(14.8) 

wm 

23.2(4.1) 

21.1 

16.4(3.3) 

10.7 


NOTE: Differences (nonsmoking wife versus smoking wife): “p < 0.05; b p < 0.001; 
"p < 0.06 (Wileoxin rank sum test). 


SOURCE: Wald and Ritchie (1984). 





British study (Table 12-2), the relative urinary cotinine levels in 
three groups—nonsmoking men married to nonsmoking women, 
nonsmoking men married to smoking women, and men who were 
themselves active smokers—were in the ratio of 1:3:215 (actual 
mean values were 8.5, 25.2, and 1,826 ng/ml, respectively; Wald 
and Ritchie, 1984, and personal communication). Assuming a sim¬ 
ilar half-life of cotinine in smokers and nonsmokers, this suggests 
that exposure to ETS among nonsmokers who are exposed is about 
1% (i.e., 25.2/1826) of that of active smokers. Similar results were 
reported by another United Kingdom study (Jarvis et al., 1984) 
and one from the United States (Haley et al., 1986). However, 
the half-life of cotinine in nonsmokers may be roughly 50% longer 
than in active smokers (Kyerematen et al., 1982; Sepkovic et al., 
1986), thereby changing the estimate of relative exposure by up 
to 50%. Assuming a usage of 20 cigarettes (one pack) per day by 
active (male) smokers and assuming a linear relationship between 
number of cigarettes smoked per day and urinary cotinine level, 
this represents exposure to smoke equivalents of roughly 0.1 to 
0.2 cigarettes per day. Others have estimated cigarette equivalent 
exposures of 0.2 to 1 cigarettes per day (Klosterkotter and Gono, 
1976; Hugod et al., 1978; Vutuc, 1984). 

Urinary cotinine is at present the best marker of tobacco smoke 
intake for passive smoking dosimetry because it is highly sensitive 
and specific for tobacco smoke. Because it can be measured di¬ 
rectly in nonsmokers as well as active smokers, it makes it possible 
to estimate the relative exposures of the two groups (see Chap¬ 
ter 8). With other markers or with other substances in tobacco 
smoke, this is not currently possible. Estimates must be made of 
the extent to which these substances are inhaled in mainstream 
smoke, on the one hand, and released into room air, diluted, and 
then inhaled by nonsmokers, on the other (Chapter 7). Both of 
these estimates involve more assumptions in estimating the actual 
intake. 

Whether a urinary cotinine measurement can provide a rea¬ 
sonable basis for computing a first estimate of the risk of lung 
cancer arising from ETS exposure depends in part on whether the 
intake of the relevant carcinogens in active and passive smokers 
is directly proportional to the relevant intake of nicotine, from 
which cotinine is derived. Our lack of knowledge of which specific 
smoke components are responsible for causing lung cancer and our 



present inability to measure their intake directly creates uncer¬ 
tainty. But, as a first approximation, it is reasonable to assume 
proportionality. 

Based on the above dosimetric considerations, the risk of lung 
cancer from ETS exposure among nonsmokers in the United King¬ 
dom and United States would be small. Assuming linearity in the 
dose-response relationships, the risk would be about 1% of the 
excess risk in active smokers. This is equivalent to a relative risk 
of 1.14 in males, given that the relative risk in average male active 
smokers is 10 to 15 times greater than in nonsmokers (Hammond, 
1966; Doll and Peto, 1978). For ETS-exposed women, the average 
relative risk may be less. If the cotinine data suggesting greater 
ETS exposures in Japan are correct, the excess risk in Japan would 
be greater. 

ASSESSING THE RISK FROM EPIDEMIOLOGIC 
STUDIES OF LUNG CANCER 
AND EXPOSURE TO ETS 

Some of the epidemiologic studies on the possible relationship 
between ETS exposure of nonsmokers and lung cancer have been 
discussed elsewhere (Rylander, 1984; Samet, 1985; IARC, 1986). 
The majority of studies of lung cancer in nonsmokers and ETS 
exposure classify subjects on the basis of whether the nonsmoker 
lives with a smoker. Eighteen such studies were identified, and the 
analysis presented below is based on 13 studies listed in Tables 
12-3 and 12-4. The other 5 studies were excluded for the following 
reasons: 

• Knoth et al. (1983), no reference population was given; 

• Miller (1984), study reported all cancers but did not report 
on lung cancers separately; 

• Sandler et al. (1985), included very few lung cancer cases; 

• Koo et al. (1984), a more recent analysis of the population 
was presented in Koo et al. (1986); and 

• Wu et al. (1985), raw data were not presented. 

Otherwise our analysis used data from all the studies, thereby 
reducing the possibility of bias arising out of selecting only some 
of the studies that met minimal standards. 

Table 12-3 gives the characteristics of the 13 studies included 
in the analysis. The relative risk estimate, together with its 95% 
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table 12-3 Continued 



'These columns include the criteria for certain aspects of exposure assessment treated in the data analyses of the study. 

’Disposition if subject is exsmoker; disposition if husband is exsmoker. 



IO shown in Figure 12-1 is the summary estimate based on the 
dies combined. The relative risk estimates of lung cancer in 
ismokers in association with ETS exposure, together with the 
;a used for calculating them, are given in Table 12-4. The data 
en in this table permit readers to combine any subset of the 
studies which they may wish to consider. A summary estimate 
the relative risk for the selected studies can then be calculated 
ng the general method described in Appendix B. The method 
ghts each study by its statistical precision and avoids making 
ippropriate comparisons across different studies. In the course 
examining the data, several such subset analyses were conducted 
i the results are presented below. 

The overall summary relative risk of lung cancer among non- 
okers in association with ETS exposure was 1.34 (95% confi- 
nce limits 1.18-1.53). For all women the relative risk was 1.32 
16-1.51); for men it was 1.62 (0.99-2.64). The wide confidence 
fits for men reflect the fact that most of the data were based 
nonsmoking women rather than nonsmoking men. For studies 
aducted in the United States, the relative risk was 1.14 (0.92- 
10). Considering only the largest studies (those with expected 
mber of lung cancer deaths of 20 or more), the relative risk 
;imate was 1.32 (1.15-1.52). The confidence limits on each of 
sse estimates all include the overall summary estimate of 1.34. 

CORRECTIONS TO ESTIMATES 
FOR SYSTEMATIC ERRORS 

Two alternative explanations can be given for the finding 
an increased risk in the epidemiologic studies. The finding 
ly represent a direct and causal effect of ETS exposure on lung 
ncer in nonsmokers; or it could be due in whole or in part to 
is, either in the form of systematic errors in the reporting of 
formation or a confounding factor that is associated both with 
tig cancer and the fact of living with a spouse who smokes. An 
iportant question to answer is “What true risk, modified by a 
asonable set of bias-producing factors, could lead to the average 
ik indicated by the epidemiologic studies?” In the following 
ctions two computations are given that estimate how much the 
tie relative risks might be modified as a result of these possible 
nds of misclassification. 
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STUDY NUMBER 123 4 56789 10 11 12 13 

CASE-CONTROL STUDtES PROSPECTIVE 

STUDIES 

FIGURE 12-1 Passive smoking and lung cancer. The relative risk (point 
estimate and 95% confidence interval) of lung cancer in nonsmokers whose 
spouses smoke compared with nonsmokers whose spouses do not smoke for 
each of the studies given in Table 12-4 and the summary estimate based on 
all the studies combined. The figures for females are shown first for studies 
based on male and female subjects. STUDIES: 1. Chan and Fung, 1982; 
2. Trichopoulos et ah, 1983; 3. Correa et ah, 1983; 4. Rabat and Wynder, 
1984; 5. Buffler et ah, 1984; 6. Garfinkel et ah, 1985; 7. Pershagen et ah, in 
press; 8. Akiba et ah, 1986; 9. Koo et ah, in press; 10. Lee et ah, 1986; 11. 
Garfinkel, 1981; 12. Gillis et ah, 1984; 13. Hirayama, 1984. 
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Misclassified Exsmokers and the Tendency for 
Spouses to Have Similar Smoking Habits 

One source of potential bias that would influence the estimates 
of relative risk is that some people who occasionally smoke or 
who have smoked in the past may report that they have never 
smoked. Having smoked, these people are somewhat more likely to 
develop lung cancer than would true lifelong nonsmokers. Because 
smokers tend to marry smokers, they are also more likely to have 
a spouse who smokes or did smoke in the past. Table 12-5 shows 



iat the bias produced by this misreporting could be serious, 
he arguments presented in this table are an extension of ideas 
iscussed by Lee (Lehnert et al., 1984). From the table it is 
pparent that for this misclassification to fully account for the 
bserved excess risk, it would be necessary that 8% or more of 
nokers and exsmokers report themselves as nonsmokers and that 
ie ir smoking habits and history be identical with those of the 
ilf-reported smokers. 

The proportion of people who say that they are nonsmokers, 
t who in fact do smoke, can be estimated using biochemical 
larkers of tobacco smoke absorption. They appear to constitute 
bout 0.5-3%, depending on the population studied and the ques- 
ionnaire used (Wald et al., 1981; Saloojee et al., 1982). The 
roportion of people who smoke or have done so in the past but 
rho say they have never smoked has also been estimated in two 
ohort studies (see Chapter 6). In one of these studies (N. Britten, 
Ingland, personal communication University of Bristol, England; 
ee Table 6-4), information on smoking was obtained in detail in 
longitudinal study. A proportion (4.9%) of the subjects said 
hey had never smoked as much as one cigarette a day in 1982, 
/hen in fact they had previously smoked and reported so in pre- 
ious interviews. These subjects, however, had smoked at a rate 
f about half that of the current smokers and nearly all of them 
93%) had stopped smoking 10 or more years earlier. Similar, or 
lightly higher, misreporting has been noted for older persons (see 
Chapter 6). However, older persons are likely to have smoked less 
k nd to have quit longer ago. 

Table 12-5 is based on the assumption that people who fail 
o report that they have been smokers have the same risk of lung 
:ancer as the average current smoker. As indicated in Table 6- 
L, “misclassified smokers” are more likely to have been exsmokers 
vho failed to record the fact that they had smoked at some time in 
;he past or, if they were current (or recent) smokers, they smoked 
ewer cigarettes per day than the average smoker (Table 6-4). In 
iither event, their spouses’ risk of lung cancer would be lower than 
or the spouse of a current smoker. 

The American Cancer Society’s study of smoking (Hammond, 
L966) reported that women who smoked 20-30 cigarettes a day had 
i 4.9-fold increased risk of lung cancer compared with reported 
nonsmokers. The British Physicians’ Study (Doll et al., 1980) 
yielded an estimate of 6.4. Both studies were conducted a number 


table 12-5 Illustration of a Bias Likely to Affect Passive Smoking 
Studies 

ASSUME: (i) proportion of smokers among women = 35% 

(ii) proportion of smokers among men = 50% 

(iii) aggregation of smokers with smokers and nonsmokers with nonsmokers" 
= 3.5 


True Situation 


Odds of having a 
spouse who smokes 

Spouses 


100,000 Women 



2.28:1 


/ \ 

1,947.1 S (a) 852.9 NS (b) 


1.3:2 


/ 

25,660.8 S (c) 


\ 

39,339.2 NS (d) 


Assume true RR of 
lung cancer associated 
with smoking (8.0) 
and spouse smoking 


(1.0) 

Rate/10,000/10 

8.0 

8.0 1.0 

1.0 

years 

Number of lung 

40.0 

40.0 5.0 

5.0 

cancers 

7.79 (e) 

3.41(f) 12.83(g) 

19.67(h) 

Observed Situation 




Observed no. 


67,800 (65,000 NS + 2,800 smokers misclassi- 



fied as nonsmokers) 


Observed no. in spouse groups 

27,607.9 S (a+c) 

40,192.1 NS (b+d) 

Observed no. of lung cancers 

20.62 (e+g) 

23.08 (f+h) 

Observed rate/10,000/10 years 

7.47 

5.74 

Observed RR of lung 

cancer 




associated with spouse smoking 1.30 


CONCLUSION: Misclassification error would increase the true relative risk of 1.0 to 1.30. 

“Ratio of cross-products in a 2 X 2 table of smoking status (Yes or No) by spouse smoking 
status (Yes or No). 


ABBREVIATIONS: S = smoker; NS = nonsmokcr; RR = relative risk. 





(fears ago. With the increased duration of smoking in women 
recent years, these relative risks also should have increased, 
e relative risk estimate may be as high as 8.0. To the extent 
.t this may be an overestimate, it will tend to exaggerate the 
sets of misclassification. The lung cancer relative risk for persons 
iclassified as nonsmokers is, for the reasons given, probably less 
m half of that for correctly classified active smokers (relative 
c of 4) and probably closer to one-quarter (relative risk of 2). 

Applying the same argument illustrated in Table 12-5, the 
sclassification effect on the relative risk is given in Table 12-6 
. Wald and K. Nanchahal, personal communication), assuming 
it the risk of lung cancer of misclassified nonsmokers is half that 
current smokers (relative risk = 4.0) or one-quarter (relative 
s = 2.0). 

Table 12-6 shows the possible effect of a nonrandom marriage 
;gregation) pattern. In this table the extent of nonrandom 
ociation is described by an “aggregation” factor. The degree of 
jregation is estimated by the ratio of the cross-products in a 2 
2 table of smoking status of study subjects by spouse smoking 
,tus. For the computations in Table 12-6, three aggregation 
tors are assumed, 2.5, 3.5 and 4.5. The smoker aggregation 
tor (from epidemiologic studies) appears to be about 3 to 4 (see 
ble 12-7; Wald et al., personal communication). 

The overall effect on an assumed true association between 
ssive smoking and lung cancer, i.e., the “true” relative risk, is 
)wn in Table 12-6 for relative risks ranging from 1.0 (i.e., no as- 
nation) to 1.25 (i.e., 25% increase in lung cancer risk associated 
th passive smoking). It is assumed that 35% of women smoke 
50% of men smoke. Also, the effects of the misclassification 
between 2% and 10% of smokers as nonsmokers is shown. The 
)st plausible assumptions are a relative risk of 2.0 to 4.0, an ag¬ 
nation factor of 3 to 4, and a misclassification rate of 2 to 7%. 

> use Table 12-6, locate the rows and columns that correspond 
e the above most plausible assumptions. The entries in the body 
the table that are approximately 1.34, i.e., the observed overall 
.ative risk, correspond to the set of parametric values that, with 
ausible assumptions of the bias, would inflate a true relative risk 
the observed values. Inspection of the data within the body 
Table 12-6 shows that an observed relative risk of 1.34, given 
e range of assumptions specified in the table, could come about 
there were a true relative risk of no less than 1.15. That is, 


4.0 

2.5 

1.03 

1.05 

1.08 

1.10 

1.12 


3.5 

1.04 

1.08 

1.11 

1.14 

1.17 


4.5 

1.05 

1.09 

1.13 

1.17 

1.20 

8.0 

2.5 

1.06 

1.12 

1.17 

1.21 

1.25 


3.5 

1.09 

1.17 

1.24 

1.30 

1.36 


4.5 

1.11 

1.20 

1.29 

1.37 

1.43 

2.0 

2.5 

1.06 

1.07 

1.08 

1.08 

1.09 


3.5 

1.06 

1.08 

1.09 

1.10 

1.11 


4.5 

1.07 

1.08 

1.09 

1.11 

1.12 

4.0 

2.5 

1.08 

1.10 

1.13 

1.15 

1.17 


3.5 

1.09 

1.12 

1.16 

1.19 

1.21 


4.5 

1.10 

1.14 

1.18 

1.22 

1.25 

8.0 

2.5 

1.11 

1.17 

1.21 

1.26 

1.29 


3.5 

1.14 

1.21 

1.28 

1.34 

1.40 


4.5 

1.16 

1.25 

1.33 

1.41 

1.48 

2.0 

2.5 

1.11 

1.12 

1.13 

1.13 

1.14 


3.5 

1.11 

1.12 

1.14 

1.15 

1.16 


4.5 

1.12 

1.13 

1.14 

1.16 

1.17 

4.0 

2.5 

1.13 

1.15 

1.17 

1.19 

1.21 


3.5 

1.14 

1.17 

1.20 

1.23 

1.26 


4.5 

1.15 

1.19 

1.23 

1.26 

1.30 

8.0 

2.5 

1.16 

1.21 

1.26 

1.30 

1.33 


3.5 

1.19 

1.26 

1.33 

1.39 

1.44 


4.5 

1.20 

1.30 

1.38 

1.45 

1.52 

2.0 

2.5 

1.16 

1.17 

1.17 

1.18 

1.19 


3.5 

1.16 

1.17 

1.18 

1.20 

1.20 


4.5 

1.17 

1.18 

1.19 

1.21 

1.22 

4.0 

2.5 

1.18 

1.20 

1.22 

1.24 

1.26 


3.5 

1.19 

1.22 

1.25 

1.28 

1.31 


4.5 

1.19 

1.24 

1.27 

1.31 

IKEE1 

8.0 

2.5 

1.21 

1.26 

1.30 

1.34 

1.38 


3.5 

1.23 

1.31 

1.37 

1.43 

1.48 


4.5 

1.25 

1.34 

1.43 

1.50 

1.56 

2.0 

2.5 

1.21 

1.22 

1.22 

1.23 

1.24 


3.5 

1.21 

1.22 

1.23 

1.24 

1.25 


4.5 

1.21 

1.23 

1.24 

1.25 

1.27 

4.0 

2.5 

1.22 

1.25 

1.27 

1.29 

1.30 


3.5 

1.24 

1.27 

1.30 

1.33 

1.35 


4.5 

1.24 

1.28 

1.32 

1.36 [~ 

1.39 




e 12-6 Continued 


Relative Risk 

ve Misclassified 
:ers Smokers" 


Marriage Proportion of Misclassified Smokers 

Aggregation - 

Factor' 1 2% 4% 6% 8% 10% 


8.0 

2.5 

1.26 

1.30 

1.35 

1.38 

1.42 


3.5 

1.28 

1.35 

1.42 

1.47 

1.52 


4.5 

1.30 

1.39 

1.47 

1.54 

1.61 

2.0 

2.5 

1.26 

1.27 

1.27 

1.28 

1.29 


3.5 

1.26 

1.27 

1.28 

1.29 

1.30 


4.5 

1.26 

1.28 

1.29 

1.30 

1.31 

4.0 

2.5 

3.5 

1.27 

1.29 

1.30 

1.32 

1.31 r 

mr 

C33J 

J 1.37 

1.35 

1.40 


4.5 

1.29 

1.33 

1.37 

1.40 

1.44 

8.0 

2.5 

1.30 

1.35 

1.39 

1.43 

1.46 


3.5 

1.33 

1.40 

1.46 

1.52 

1.57 


4.5 

1.35 

1.44 

1.52 

1.59 

1.65 


ubjects who have smoked either in the past or currently, but claim to be lifelong non- 
<ers. 


damage aggregation factor defined as ratio of cross-products of 2 X 2 table of smoking 
is of study subject by smoking status of spouse. 


DTE: The values inside the boxes indicate those situations that are most plausible, based 
ther sources of data for parameters, and yield observed relative risks of about 1.34. 


E 12-7 Number of Smokers and Nonsmokers According to the 
king Habits of Their Spouses and the Odds Ratio Indicating the 
:nt of Such Marriage Aggregation" 


e 

Females 



Males 



Smoker 

Nonsmoker 

Total 

Smoker 

Nonsmoker 

Total 

:er 

53 

17 

70 

20 

11 

31 

moker 

47 

83 

130 

53 

80 

133 


100 

100 

200 

73 

91 

164 

: ratio 

3.1 



2.3 



ased on interviewing 200 women and 164 men attending a health screening center in 
on or working in the Civil Service in Newcastle in 1985. 

4JRCE: Wald et al., personal communication. 







a true relative risk of 1.15 or more could, by a reasonable set of 
misclassification biases, be elevated to 1.30 in an epidemiologic 
study. Stated differently, this implies that reasonable misclassifi¬ 
cation does not account for the total increased risks reported by 
the epidemiologic studies, leaving the conclusion that the risk of 
lung cancer following exposure to other people’s smoke, as judged 
by whether a nonsmoker has a smoking spouse, would be increased 
by a minimum of 15%, and most probably increased by 25% (i.e., 
1.25). (If the percentage of women smokers were as high as 50%, 
it would be 1.20.) 

The study by Garfinkel et al. (1985) provides data relevant 
to the misclassification of exsmokers and the tendency for spouses 
to have similar smoking habits. In this study, subjects were in¬ 
terviewed if the hospital record indicated nonsmoker or made no 
mention of smoking status. From interviews by the investigators, 
it was determined that 40% of the women had actually smoked. 
Among these women who smoked, 81% had husbands who smoked, 
but only 68% of the women who were in fact nonsmokers had hus¬ 
bands who smoked, yielding an aggregation factor of 2.0. 

Effects of Incorrectly Classifying 
Persons as Unexposed to ETS 

In the studies that classify nonsmoker exposure based on 
whether or not the spouse smokes, some of the “unexposed” non- 
smokers, i.e., married to nonsmokers, are likely to be exposed in 
other settings. For instance, some nonsmokers married to non- 
smokers may be exposed to ETS in the workplace. Therefore, 
some individuals in the baseline, “unexposed,” group for these 
studies must have been exposed, and hence have risks greater 
than unity if there is an ETS effect. In the studies, which do ask 
about exposure to ETS in all environments, there still tends to 
be misclassification of some nonsmokers as “unexposed,” because 
there may be a tendency to overlook episodes of exposure. 

The data from urinary cotinine studies and the observed rel¬ 
ative risks can be used to estimate this effect. The only known 
source of cotinine in the body is from nicotine, which is virtually 
exclusively derived from tobacco, with the exception of nicotine 
chewing gum and nicotine aerosol rods. Therefore, if people who 
actively use tobacco or nicotine-containing aids to help stop smok¬ 
ing are excluded, cotinine can be used as an objective measure of 



argument, tne cotimne in Body fluids is compared for the two 
ips of nonsmokers, those who reported exposure to ETS and 
le who reported no exposure. Since both groups are nonsmok- 
the concern of whether or not the clearance rates for nicotine 
icotine metabolites differ between smokers and nonsmokers is 
germane to these estimates. 

In the study by Wald and Ritchie (1984), the urinary coti- 
. levels among nonsmokers exposed to smoking spouses were 3 
>s those of nonsmokers married to nonsmokers. Using a linear 
lei of risk and assuming that the 3:1 ratio represents a lifetime 
srence, the implied relative risk of these two groups would be 
il to: 


RR = 


1 + 3j Qd^j 
1 + fldtf 


risk to “exposed” nonsmokers 
risk to “unexposed” nonsmokers’ 


( 12 - 1 ) 


re rfw is the dose received by nonsmokers who are self-declared 
exposed” and f) is the increase in risk per unit dose received 
details, see Appendix C). This equation assumes that the 
,ime carcinogenic dose received by nonsmokers who say that 
f are “exposed” is 3 times that of truly unexposed nonsmokers, 
ming cotinine levels to be a proxy for carcinogenic constituents 
)TS. 

When Equation 12-1 is set equal to the relative risk, one can 
'e for fid N . In the previous section, it was noted that the true 
,tive risk is likely to be 1.25 and, as argued above, probably 
between 1.15 and 1.35. Consequently, relative risk values of 
5, 1.15, and 1.35 will be considered. Using these values, 

. be 0.14 (“ranging” 0.08 to 0.21). Therefore, the relative risk 
jelf-identified “unexposed” nonsmokers compared with truly 
ixposed nonsmokers is: 


1 + fid,N 

1 

Lch would be 1.14 (“ranging” 1.08 to 1.21). The relative risk 
“exposed” nonsmokers compared with a truly unexposed non- 
aker is: 


( 12 - 2 ) 


1 + 


1 


(12-3) 


which would be 1.42 (“ranging” 1.24 to 1.61). That is, the in¬ 
creased risk of lung cancer as a result of chronic exposure to ETS, 
corrected for the effect of not identifying a truly unexposed refer¬ 
ence group of nonsmokers, is likely to be at least as large as the 
observed risk. 

We can say, therefore, that while the epidemiologic studies 
show a consistent and, in total, a highly significant association 
between lung cancer and ETS exposure of nonsmokers, the excess 
might, in principle, possibly be explained by bias. However, de¬ 
tailed consideration of the nature and extent of the bias shows that 
given some reasonable assumptions the bias would be insufficient 
to explain the whole effect. In fact, there are some types of bias 
that lead to underestimates of the effect. It must be concluded, 
therefore, that some, if not all, of the effect reported in spouse 
studies is causal. 


OTHER CONSIDERATIONS 

Some of the spouse-smoking studies show a dose-response ef¬ 
fect with rates increasing with increasing exposure as measured by 
increasing levels of cigarette consumption by the smoking spouse 
(see Tables 12-8 and 12-9). A dose-response relationship also sug¬ 
gests a causal explanation, although biases could also operate to 
affect this estimation. It is possible that a person misclassified as a 
nonsmoker married to a smoker will have a cigarette consumption 
that is correlated with that of his or her spouse. A misclassified 
nonsmoker married to a heavy smoker would, therefore, have a 
higher risk of lung cancer independent of spouse is smoking than a 
misclassified nonsmoker married to a light smoker, thus giving the 
appearance of a dose-response relationship between ETS exposure 
and lung cancer. 

This possible pseudo-dose-response effect arises only as a re¬ 
sult of misclassifying smokers as nonsmokers. It is of interest, 
therefore, that one study has reported an effect of passive smoking 
in smokers as well as nonsmokers (Akiba et al., 1986). However, 
it does not appear that adjustment has been made for amount 
smoked. To the extent that smokers married to smokers may 
smoke more than the smokers married to nonsmokers, this would 
bias the results. 



table 12-8 Risk of Lung Cancer in Nonsmokers 
According to Cigarette Consumption of Spouse 


Authors 

Findings 


Cuse-Coiilrol Sltidivs 

Trichopoulos et al., 1983 

Exsmokcr 

1.0 


1-20 cig. per day 

2.4 


21 + cig. per day 

3.4 

Garfinkel et al., 1985 

1-19 total cig. per day 

0.84 


20-39 total cig. per day 

1.08 


40+- total cig. per day 

1.99 


Cigar/pipe 

1.13 

Akiba et al., in press 

1-19 cig. per day 

1.3 


20-29 cig. per day 

1.5 


30+ cig. per day 

2.1 

Cohort Studies 

Hirayama, 1984 

1-19 cig. per day 

1.45 


20+ cig. per day 

1.91 

Garfinkel, 1981 

1-19 cig. per day 

1.27" 


20+ cig. per day 

1.10" 


"Mortality ratios, not relative risks. 


NOTE: Relative risk for self-reported unexposed is assumed to be 
1 . 0 . 


Most of the studies considered the histological type of lung 
cancer. In general they showed a higher proportion of adenocarci¬ 
noma in ETS-exposed nonsmokers than would be expected among 
active smokers. This is to be expected in view of the fact that 
the proportion of adenocarcinomas is, in general, higher among 
nonsmokers. Adding some nonadenocarcinoma-type disease, pos¬ 
sibly as a result of ETS exposure, would reduce this proportion. It 
would nonetheless leave the proportion of adenocarcinomas higher 
than would be found among lung cancer cases among active smok¬ 
ers. If there were a high relative risk of adenocarcinoma associated 
with ETS exposure of nonsmokers, it would suggest a real effect, 
but the published data are insufficient or not presented in a way 
to allow assessing this issue at this time. 

Two studies have examined the risk of lung cancer associated 
with passive smoking using parental smoking as a measure of 
exposure instead of spouse smoking (Correa et al., 1983; Sandler et 
ah, 1985b). The first found an association with maternal smoking 
(•KJ2 = 1.66, p < 0.05) but not with paternal smoking (RR = 


0.83). The second found no significant association with smol 
of either parent. 

The bias discussed in connection with spouse-smoking stu< 
is likely to apply also to parental-smoking studies. In addit: 
these two studies included active smokers as well as recorded n 
smokers, and it is likely that the children of smokers start smol 
at a younger age and possibly smoke more than do smoking c 
dren of nonsmoking parents (U.S. Public Health Service, 19! 
This would also be a source of bias. 


table 12-9 Risk of Lung Cancer in Nonsmokers According to Durati 
of Smoking of Spouse or Other Measures of Exposure Not Shown in 
Table 12-7 

Authors Findings 


Case-Control Studies 

Trichopoulos et al., 1983 Total no. of cig. (in thousands): 



1-99 1.3 

100-299 2.5 

300+ 3.0 



Correa et al., 1983 

Total pack-years: 

Males 

Females 


1-40 

— 

1.18 


41 + 

— 

3.52 

Koo et al., 1984 

All 

Total hours: 

1-3,499 1.28 

3,500+ 1.02 

Any 1.24 

2.0 

2.07 

Garfinkel et al., 1985 

No. of h/day: 

Last 5 yr 

Last 25 yt 


1-2 

1.59 

0.77 


3-6 

1.39 

1.34 


>6 

0.94 

1.14 

Persliagen et al., in press 

Less than 15 cig./day or 

50 g tobacco/wk for less 

Kreyburg I 

Kreyburg 


than 30 yr 

More than 15 cig./day or 

1.8 

0.8 


50 g tobacco/wk for more 
than 30 yr 6.0 2.4 

Akiba et al., in press Pack-days within last 10 yr: 

<5,000 1.0 

5,000-9,999 2.8 

10,000+ 1.8 


NOTE: Relative risk for self-reported unexposed is assumed to be 1.0. 





SUMMARY AND RECOMMENDATIONS 


The weight of evidence derived from epidemiologic studies 
iows an association between ETS exposure of nonsmokers and 
ng cancer that, taken as a whole, is unlikely to be due to chance 
■ systematic bias. The observed estimate of increased risk is 
1%, largely for spouses of smokers compared with spouses of 
msmokers. One must consider the alternative explanations that 
is excess either reflects bias inherent in most of the studies or 
at it represents a causal effect. Misclassification can have con- 
ibuted to the result to some extent. Computations of the effect 
: two sources of misclassification were presented. Computations 
iking into account the possible effects of misclassified exsmokers 
id the tendency for spouses to have similar smoking habits placed 
le best estimate of increased risk of lung cancer at about 25% 
i persons exposed to ETS at a level typical of that experienced 
y nonsmokers married to smokers compared with those married 
> nonsmokers. Another computation using information from co- 
nine levels observed in nonsmokers and taking into account the 
feet of making comparisons with a reference population that is 
•uly unexposed leads to an estimated increased risk of about one- 
lird when exposed spouses were compared with a truly unexposed 
opulation. The finding of such an increased risk is biologically 
lausible, because nonsmokers inhale other people’s smoke and, as 
result, absorb smoke components containing carcinogens. 

What Is Known 

1. A summary estimate from epidemiologic studies places the 
creased risk of lung cancer in nonsmokers married to smokers 
ompared with nonsmokers married to nonsmokers at about 34%. 


Assuming linearity at low-to-average doses and a constant pi 
portionality of nicotine and carcinogens in mainstream smoke a: 
ETS, extrapolation from studies of active smokers using relati 
urinary cotinine places the risk at about 10%. 

2. To some extent, misclassification (bias) may have cc 
tributed to the results reported in the epidemiologic literatui 
However, bias is not likely to account for all of the increased ris 
The best estimate, allowing for reasonable misclassification, is th 
the adjusted risk of lung cancer is increased about 25% (i.e., 1 
= 1.25) in nonsmokers married to smokers compared with nc 
smokers married to nonsmokers. When one allows for exposi 
to nonsmokers who report themselves as unexposed, the adjust 
increased risk is at least 24%. The adjusted increased risk to 
group of nonsmokers married to nonsmokers is at least 8% (i, 
RR ~ 1.08) compared with truly unexposed subjects. This exc< 
risk may come about from exposures in the workplace or otl 
public places. 


What Scientific Information Is Missing 

1. It would be useful to quantify the dose-response relatic 
ship between ETS exposure and lung cancer more precisely usi 
biological markers of exposure. Studies should be done that inc< 
porate these biological markers. 

2. Laboratory studies would be important in determini 
the carcinogenic constituents of ETS and their concentrations 
typical daily environments and in facilitating understanding 
possible dose-response relationships. 

3. The interaction between ETS and radon exposure, whi 
can increase risk of lung cancer, is worth examining further. 
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Cancers Other Than 
Lung Cancer 


The association of lung cancer with exposure to ETS has 
yielded relative risks of 2 or less for nonsmokers. As cancer of 
the lung is the cancer most strongly associated with active smok¬ 
ing, weaker effects would be expected for cancers that are less 
closely related to smoking. The first emphasis in this chapter is on 
smoking-related cancers, because these might be more plausibly 
associated with exposure to ETS. However, exposure to ETS oc¬ 
curs at earlier ages than active smoking; thus, there may be effects 
of ETS exposure on risk for other cancers. 


SMOKING-RELATED CANCERS 

Active tobacco smoking is an important cause not only of lung 
cancer, but also of bladder cancer, cancers of the pancreas and re¬ 
nal pelvis, and probably of the nasal sinus and kidneys. Oral, 
oropharyngeal, hypopharyngeal, laryngeal, and oesophageal can¬ 
cers are also strongly associated with active smoking, especially in 
conjunction with the use of alcohol. Primary cigar and pipe smok¬ 
ers face a somewhat lower risk for cancer of the lung than cigarette 
smokers, but their risk for cancer of the larynx, pharynx, oral cav¬ 
ity, and esophagus is similar if not greater than that of cigarette 
smokers (U.S. Department of Health and Human Services, 1982). 
Also, lip cancer is associated with tobacco smoking, as well as pan¬ 
creatic cancer and, perhaps, renal adenocarcinoma. An increased 
risk of cervical cancer has been observed in tobacco smokers, but 


table 13-1 Studies of Passive Smoking and Cancers Other Than Lung 
Cancer with Significantly Increased Risks 


Author 

Study Design 

Size (Cases 
and Population 
or Controls) 

Tumor 

Outcome 

Studied 

Odds Ratios" 

Hirayama, 1984 

Cohort 

34/91,540 

Brain 

3.0;6.3;4.3 



28/91,540 

Nasal sinus 

1.7; 2.0; 2.6 

Miller, 1984 

Case-Control 

123/537 

All sites 

1.40 

Gillis, 1984 

Cohort 

Male: 8/827 

Sites 

0.5 (M) 



Female: 43/1917 

other than 

1.26 (F) 




lung 


Sandler et al., 

Case-Control 

518/518 

All sites 

1.6 

1985a 

(total) in- 


Breast 

1.8 

(adulthood 

eludes smokers 


Cervix 

1.8 

exposure) 



Endocrine 

3.2 




glands 


Sandler et al., 

Case-control 

869/409 

All sites 

1.4;2.3;2.6 

1985b 

(subset) in- 


Breast 

2.0;2.4;3.3 

(lifetime 

eludes smokers 


Cervix 

1.6;3.6;3.4 

exposure) 



Leukemia and 

2.5;5.1;6.8 




lymphoma 


Sandler et al., 

Case-control 

438/470 

All sites 

1.5 

1985c 

(subset) in- 


Cervix 

1.7 

(early life 

eludes smokers 


Hematopoctic 

2.4 

exposure) 



tissue 



"Given with increasing dose, if available. 


the causal relationship is unclear (International Agency for Re¬ 
search on Cancer, 1986). The risk for these cancers to nonsmokers 
exposed to ETS has been the subject of a few studies. 

Hirayama (1984; see Chapter 12 and Table 13-1) examined 
cancers of the mouth, pharynx, oesophagus, bladder, pancreas, 
and cervix. The relative risks were not given, but they were 
reported to be insignificant. However, a relationship between ETS 
exposure in nonsmokers and nasal sinus cancer was noted, with 
rate ratios for the aforementioned exposure categories of 1.7, 2.0, 
and 2.6, respectively (see Table 13-1). 

Sandler et al. (1985a; described in more detail below and in 
Table 13-1) also did not find a significant odds ratio for any of 
the smoking-related cancers (including lung cancer), except for 
cervical cancer (p < 0.05). The odds ratios given for these cancers 
included smokers as well as nonsmokers. Therefore, since the odds 
ratios were not significant for the combined group, they would 





not be expected to be significant for the nonsmokers analyzed 
separately. 


CANCERS NOT RELATED TO SMOKING 

Hirayama’s (1984) study, based on a cohort of 91,450 non¬ 
smoking Japanese women, suggested an increased mortality from 
brain tumors among women whose husbands smoked. The rate ra¬ 
tios were 3.0, 6.3, and 4.3 for exposure to husbands smoking 1-14, 
15-19, or 20 or more cigarettes per day, as compared with non¬ 
smoking wives of nonsmoking husbands as the reference group. A 
trend was noted for all cancer sites, but the risk elevation became 
insignificant when lung, nasal sinus, brain, and breast cancers were 
excluded. No significant associations were found for cancers of the 
stomach, colon, rectum, liver, peritoneum, ovary, skin, or bone, or 
for malignant lymphoma or leukemia. 

Sandler et al. (1985a,b,c), reporting on a case-control study 
from North Carolina, suggested an association of exposure to ETS 
at different periods during a lifetime with various types of cancer. 
People with cancer at any site, except basal cell cancer of the 
skin, were included in this study. The cases were drawn from a 
hospital-based tumor registry, irrespective of personal histories of 
smoking. Mailed questionnaires were used for collecting data on 
exposure, preceded by a telephone call for the control subjects, 
but not for the cases. 

Many of the odds ratios reported in these articles are for the 
combined group, as briefly reported in Table 13-1. However, some 
results were reported separately for nonsmoking cases (No. = 231) 
and controls (No. = 235). The results discussed below are based 
on the latter group and thus reflect only 31% of the total eligible 
patient group. 

The overall crude cancer risk among individuals who were ever 
married to smokers was 2.1 times that of those never married to 
smokers. Significantly elevated risks (p < 0.05) were seen also for 
cancer of the cervix (odds ratio 2.1) and endocrine glands (odds 
ratio 4.4) (Sandler et al., 1985a). A nonsignificant odds ratio of 
2.0 was obtained for cancer of the breast. 

A subset of this study involved subjects who had lived with 
both natural parents for most of the first 10 years of life and had 
information on the smoking habits of both parents and spouses. 



Overall cancer risks were found to increase steadily and signifi¬ 
cantly with each additional household member who smoked (San¬ 
dler et ah, 1985b). The overall risk was significant only for adult¬ 
hood exposure, either alone or in addition to childhood exposure 
(Sandler et al., 1985d). This trend appeared both for cancers tra¬ 
ditionally associated with smoking and for other sites, with the 
strongest trend for the smoking-related cancers. 

The transplacental and childhood exposures to ETS were spe¬ 
cifically studied in another subset of the same study; however, 
the data were not adjusted for prenatal exposure (Sandler et al., 
1985c). There were no significantly increased risks indicated for 
all sites or for specific cancers. Hematopoietic-tissue-cancer risk 
had an odds ratio of 2.3 when maternal smoking was considered 
and 2.4 when paternal smoking was considered (significance not 
given). 

Cancers of hematopoietic tissues have been reported as in¬ 
creased in children whose mothers smoked during and after preg¬ 
nancy. Neutel and Buck (1971) studied 65 cancer deaths among 
89,302 children and found that the rate of leukemia among children 
of smokers was about twofold that of nonsmokers, but without a 
dose-response trend. The total number of leukemia cases in this 
study was 22. Manning and Carroll (1957) studied 187 cases of 
leukemia, 42 cases of lymphoma, and 93 other cancers among chil¬ 
dren, but found no effect of mothers’ smoking habits. Neither of 
these studies separated the effects of in utero exposure from the 
exposure to ETS after birth. 

Two studies have evaluated all sites of cancer as a group. 
Miller (1984) questioned relatives of women who died between 
1972 and 1976 in Erie County, Pennsylvania. He found a non¬ 
significant increased risk (1.40) of any cancer among women whose 
husbands smoked. In another study (Gillis et al., 1984), a popula¬ 
tion in Scotland was followed up 10 years after an initial screening 
survey for cardiovascular disease. The West of Scotland Cancer 
Registry was screened for subsequent incidence of cancer. Among 
the nonsmoking males, there were 8 cases of cancer other than 
lung cancer. The standardized mortality rates were actually de¬ 
creased among men whose wives smoked (ratio = 0.50). Among 
the nonsmoking women, there were 43 cases of cancer other than 
lung cancer, and the ratio of standardized mortality rates was 
nonsignificantly increased (1.26). 



In the study by Preston-Martin et al. (1982) of childhood 
brain tumors, case and control mothers were similar in use of 
cigarettes during pregnancy. This is in contrast to the finding that 
significantly more case mothers than control mothers lived in a 
household with a smoker. The lack of an association of risk with 
maternal smoking, the association of smoking behavior with other 
lifestyle-related exposures, and the lack of apparent adjustment for 
smoking status of the mother make these uncorroborated results 
difficult to interpret. 


INTERPRETATION 

Interpretation of these observations regarding a possible asso¬ 
ciation of ETS exposure and cancers with or without previously 
found associations with smoking is difficult. Only a few studies 
have been reported, on cancer and ETS exposure other than lung 
cancer. 

The Sandler et al. (1985a,b,c) reports have been criticized for 
not maintaining matching (Higgins, 1985), for recruiting controls 
through two separate mechanisms, for conducting interviews in 
two different ways (telephone interviews or mailed questionnaires), 
and for insufficient information on other variables known to be 
risk factors for the various cancers that have been studied in 
these reports (Burch, 1985; Friedman, 1986; Mantel, 1986). The 
criticism of the lack of information on other known risk factors 
is of special concern and is also pertinent to the Hirayama study. 
For instance, alcohol use, reproductive and sexual histories, and 
occupational exposures are important risk factors for several of 
the cancers studied. 

Considering increased risks for hematological malignancies, 
leukemia has not been thought to be smoking-related even though 
there have been reports of higher leukemia risks among smokers. 
However, there is a possibility that inhaled lead-210, originat¬ 
ing from the tobacco or from radon daughters attaching to ETS, 
could end up in the skeleton, especially in young individuals who 
are building up their skeletons, and would result in irradiation of 
the bone marrow. Such an explanation is presently highly specu¬ 
lative, but increased concentrations of lead-210 have been found 
in the skeletons of adult smokers (Holtzman and Ilcewicz, 1966; 
Blanchard, 1967). Adults would be less sensitive to radiation than 
children. Austin and Cole (1986) suggest that, in addition to the 



possiuie laumauivc elements, Denzene, urethane, and 

nitrosamines may be contributing factors. All of these chemicals 
are found in cigarettes and ETS, and they have been shown to be 
leukemogenic in experimental animals, or in humans. 

The findings of increased brain cancer associated with ETS ex¬ 
posure in the Hirayama (1984) study, and possibly in the Preston- 
Martin et al. (1982) study, are of note. A-nitroso compounds are 
potent nervous system carcinogens in animals (Magee et al., 1976; 
Preussman, 1984, 1986). 

SUMMARY AND RECOMMENDATIONS 

These recent observations on a possible connection between 
ETS and various forms of cancer have created much discussion and 
some confusion. The lack of consistency with other data on tumors 
among children of smoking mothers and the appearance of tumors 
that are not clearly smoking-related call for further epidemiologic 
research. Any new studies in this area will, hopefully, have a very 
careful, rigorous design, so that more definitive evaluation of this 
possible health hazard from ETS exposure is possible. 

What Is Known 

1. There is no consistent evidence at this time of any increased 
risk of ETS exposure for cancers other than lung cancer. 

What Scientific Information Is Missing 

1. Smoking-related cancers other than lung cancer need to 
be studied with adequate numbers and good exposure data and 
with consideration of the potential confounding effects from other 
known risk factors for these cancers. 

2. Some cancers not related to active smoking, especially 
lymphohematopoietic neoplasms, should be studied in relation to 
ETS exposure, particularly in childhood. Then the possibility of a 
etiologic role of inhaled decay products of radon (like bone-seeking 
lead-210) should be considered. 
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Cardiovascular System 


The effects of active smoking on exercise tolerance, blood 
pressure, and the risk of developing cardiovascular disease have 
been reviewed elsewhere (U.S. Public Health Service, 1983). This 
chapter discusses studies of ETS exposure to nonsmokers and 
subsequent possible cardiovascular effects. The constituents that 
are thought to have the greatest effect on the cardiovascular system 
are carbon monoxide (CO) and nicotine. The possibility exists 
that the mechanisms, as well as the magnitude of the effects, 
for acute and chronic cardiovascular effects may be different for 
exposure to whole smoke and to ETS. 

ACUTE CARDIOVASCULAR EFFECTS OF 
ENVIRONMENTAL TOBACCO SMOKE EXPOSURE 

Administration of nicotine at level similar to those induced 
by active cigarette smoking is shortly followed by increases in 
heart rate and blood pressure (U.S. Public Health Service, 1983). 
Platelet aggregation has been shown to be increased in in vitro 
studies. CO rapidly combines with hemoglobin in the blood to 
form carboxyhemoglobin (COHb), thereby leading to some degree 
of tissue hypoxia. CO combines with muscle myoglobin, which is 
followed by some muscle hypoxia. The level of exposure of the 
nonsmoker to these cigarette smoke constituents, however, is less 
than that of the active smoker, and the effects are expected to be 
less. 



table 14-1 Carbon Monoxide and Carboxyhemoglobin Levels in 
Nonsmoking Individuals 


Experimental Studies (Controlled Chambers} 









Carboxyhemoglobi 


No. of 

No. of 

CO, 



Study 

Cigarettes/h/10 m 3 

Subjects 

ppm" 

Control Change 

Anderson and Dalhamm, 3.1 

— 

4.5 

0.3 

0 

1973 






Dahms et al., 1981 

— 

10 

15-20 

0.6 

+0.4 

Harke, 1970 

3.9 

7 

30 

0.9 

+ 1.2 

Hucliet al., 1980 

2.3 

12 

— 

1.3 

+0.5 

Hugod et al., 1978 

2.5 

10 

20 

0.7 

+0.9 

Pimm et al., 1978 

2.4 

10 

24 

0.5 

+0.3 


2.4 

10 

24 

0.7 

+ 0.2 

Polak, 1977 

6.7 

15 

23 

2.0 

+0.3 

Russell et al., 1973 

15.1 

12 

38 

1.6 

+ 1.0 

Seppanen and Uusitalo, 3.8 

28 

16 

1.6 

+0.4 

1977 






Srcli, 1967 

50 

— 

90 

2 

+3 

Observational Studies 








Nonexposcd: Exposed 



No. of 

Carboxy- 


CO Ex- 

Study 

Subjects/Exposure 

Subjects 

hemoglobin, % 

pired, ppm 

Foliart et al., 1982 

Flight attendants/8 h 

6 

1.0:0.7 



Jarvis et al., 1983 

Normal/public house 

7 



4.7:10.6 


for 2 h 





Lightfoot, 1972 

Normal/submarine 


—:1.0 



Wald et al., 1981 

Participants in health 

6,641 





screening program 





Jarvis et al., 1984 

Normal/self report 

10 

0.9:0.8 


5.7:5.5 

Seppanen and 

Restaurant for 5 h 

47 

2.1:2.1 



Uusitalo, 1977 

(CO:2.5-15 ppm) 






Office for 8 It 

15 

2.3:2.3 




(CO;2.5 ppm) 






"Carbon monoxide (CO) measured as a proxy to indicate the concentration of ETS in 1 
chamber. 


COHb commonly observed in active smokers are higher, rangi 
between 4 to 6 percent, rarely greater than 12 percent (Schiev 
bein and Richter, 1984). Because exposure of the nonsmoker 
qualitatively different than exposure to smokers, a simple scali 
down of effects observed in active smokers does not appear to 
fully appropriate. Therefore, the effects of exposure to nicotii 


table 14-2 Resting Acute Cardiovascular Effects in Nondiseased 
Humans of Exposure to Environmental Tobacco Smoke 


Authors 

Study 

Population 

Conditions 

Results 

Measured 

Variable 

Before 

After 

Lngucttc ct al., 1970 

40 children 

Room: 9 m 3 

Heart rate 

89 

97 



No. eig.: 6 

Blood pressure 

116/67 

120/72 



Time: 15 min 




Harke and Bleichcrt, 

10 

Room: n.g. 

Heart rate 

72 ± 8 

74 ± 12 

1972 


No. eig.: 150 

Blood pressure 

123/84 

121/84 



Time: 20 min 

Skin temperature 






( — °C/mitt) 

0 

0.0273 

Rumtnel ct al., 1975 

56 

Room: 30 m 3 

Heart rate 

72 ± 10 

71 ± 11 



No. cig.: 6-8 

Blood pressure 

117/71 

117/71 



Time: 20 min 




Hurshman ct al., 1978 

8 

Room: n.g. 

Heart rate 

73 

79 



No. cig.: 2-6 

Blood pressure 

107/67 

114/68 



Time: 10 min 




Pimm et al., 1978 

10 males 

Room: 14.6 in 3 

Heart rate 

84(F) 

80(F) 


10 females 

No. cig.: 7 


77(M) 

70(M) 


Age = 22.3 

Time; 2 h 





CO, or ETS need, to be separately studied. In addition, consid¬ 
eration needs to be given to persons of different sensitivity or 
vulnerability. 


Healthy Subjects 

Table 14-2 lists studies that report on the consequences of 
exposure of nondiseased individuals to ETS for periods up to 
2 hours under experimental, resting conditions. There were no 
significant changes noted in heart rate or blood pressure in school- 
aged children or in adult men and women. 

Two studies evaluated the physiologic responses to exercise 
with and without exposure to ETS. In the first, Pimm et al. 
(1978) (see also Table 14-2) had subjects perform a 7-minute pro¬ 
gressive exercise test on an electronic bicycle ergometer. During 
exercise, the women had higher heart rates after exposure to ETS 
when compared with control conditions (differences of 6.3 beats 
per minute at 2 minutes and 4.5 beats per minute at 7 minutes, 
p < 0.01). The recovery heart rates were not significantly differ¬ 
ent. The men, however, showed little difference between test and 




control conditions (differences of -0.1 beats per minute at 2 min¬ 
utes and 1.5 beats per minute at 7 minutes). In the second study, 
Sheppard and colleagues (1979b) tested 11 males and 12 females 
at two different levels of ETS (i.e., 7 cigarettes over 2 hours, CO = 
20 ppm, or 9 cigarettes over 2 hours, CO = 31 ppm). Under both 
exposure conditions, contrary to expectations, both the increment 
in heart rate and average heart rate were less with ETS exposure. 

In summary, for normal young adult males and females, no 
significant acute effects of ETS exposure on heart rate or blood 
pressure have been reported, either under resting or aerobic con¬ 
ditions. 

There have been several studies of exposure of normal sub¬ 
jects under resting and aerobic conditions to low levels of CO but 
higher than those found with ETS exposure (reviewed in Envi¬ 
ronmental Protection Agency, 1984). No significant effects were 
found in healthy, exercising subjects during short-term exposure 
(e.g., Drinkwater et al., 1974; Raven et al., 1974a,b; DeLucia et 
al., 1983). 


Angina Patients 

Angina pectoris is a symptom complex involving feelings of 
pressure and pain in the chest, which is produced by mild exercise 
or excitement, presumably because of insufficient oxygen supply 
to the heart muscle. Under conditions of ETS exposure, the CO 
levels are increased, thus possibly placing individuals with angina 
at an increased risk of recurrent episodes. 

Anderson et al. (1973) and Aronow and his colleagues, in a 
series of experiments (1973, 1974, 1978, 1981) (Table 14-3), stud¬ 
ied angina patients under aerobic conditions with exposures to low 
levels of CO and to ETS. Ten patients with diagnosed angina pec¬ 
toris, of whom two were smokers and eight exsmokers, were tested 
(Aronow et al., 1978). Significant increases in systolic blood pres¬ 
sure and heart rate, and decreases in time to onset of angina, were 
noted when the subjects were exposed to smoke in either venti¬ 
lated or unventilated rooms (the actual levels of CO under these 
conditions were not noted). There were some subjective elements 
in the evaluation of these patients, and the physician conducting 
these tests was aware of the test conditions, i.e., smoking or not 
and ventilated or not. Consequently, the findings of this study, in 



table 14-3 Acute Cardiovascular Effects of Exposure to CO or 
Environmental Tobacco Smoke by Nonsmoking Angina Patients 


Study 

Design 

No. 

Conditions 

Results 

Anderson et al., 

Double-blind, 

10" 

CO: 50 ppm 

Mean duration before onset 

1973 

Cross-over 

10 6 

or 100 ppnt 
Time: 4 h 
for 5 days 

of pain shortened (50 ppm 
and 100 ppm); duration 
of pain longer (100 ppm 
only) 

Aronow and Isbell, 

Double blind, 

CO: 50 ppm 

Times until onset decreased; 

1973 

Cross-over 


Time: 2 h 

decrease in BP and heart 
rate at angina 

Aronow, 1978 

Not blinded 

10" 

No. cig.: 15 
Time: 2 h 

Room: 30.28 m 3 

Earlier onset of angina; in¬ 
creased systolic BP and 
heart rate at angina 

Aronow et al., 1979 

Double-blind, 

Cross-over 

20 

COHb: 4% 

Impairment in visualization 
test 

Aronow, 1981 

Double-blind, 

Cross-over 

15 

CO: 50 ppm 
Time: 1 h 
COHb: 2% 

Time until onset decreased; 
decreased systolic BP and 
heart rate al angina 


"Includes five smokers and five nonsmokers. 
fc Not current smokers. 

"Includes eight exsmokers and two current smokers. 


the absence of a true double-blind approach, require verification 
by other research workers. 

The effects of rapid angina onset would be expected to be due 
to increased COHb levels. Anderson et al. (1973) and Aronow et 
al. (1973, 1981) exposed angina patients to low levels of CO. In 
these studies, angina pain appeared when COHb levels of patients 
were measured at 2 and 4 %. These studies have been reviewed ex¬ 
tensively as part of the Environmental Protection Agency’s (1984) 
activity in establishing air quality criteria for carbon monoxide. 
The review group found that the results were suggestive for ef¬ 
fects at COHb levels above 3%, based on animal and theoretical 
models. There is concern that elevated levels of CO exposure may 
affect the electrical stability of the heart in previously compro¬ 
mised heart muscle, thus possibly leading to sudden death. The 
levels reviewed in Table 14-1 are close to the 3% level. This sug¬ 
gests that there is reason to be concerned with possible effects 
of exposure. However, a firm quantitative estimate of the risk to 
nonsmoking persons, under conditions of ETS exposure, cannot 
be made from the literature at this time. 





atherosclerosis in rabbits, pigeons, and other animals (Astrup and 
Kjeldsen, 1979). Studies of whole tobacco smoke indicate that to¬ 
tal serum cholesterol concentrations are increased and the ratios of 
the various lipoprotein fractions are changed (McGill, 1979). The 
contribution of whole tobacco smoke to modifying the lipoprotein 
fractions is not conclusive. However, there have not been experi¬ 
mental studies of the effects of ETS exposure or administration of 
ETS extracts. 


Smoking and Cardiovascular Disease 

The effects of active smoking on human health are summa¬ 
rized in the Surgeon General’s report The Health Consequences 
of Smoking: Cardiovascular Disease (U.S. Public Health Service, 
1983). The principal conclusions are that cigarette smokers ex¬ 
perience a 70% greater coronary heart disease (CHD) death rate 
than do nonsmokers and that smokers of more than two packs per 
day have 2 to 3 times greater CHD death rates than nonsmokers. 
The incidence of CHD in smokers is twice that of nonsmokers. 
Heavy smokers (more than two packs per day) have an almost 
fourfold increase. The relative risk in smokers for sudden death 
is greater than that for all deaths from CHD. The relative risk in 
young smokers is greater than that in older smokers. The rela¬ 
tive risk for young women smokers, especially those who use oral 
contraceptives, is greater than 5. 

The excess relative risk associated with smoking declines 
rapidly upon cessation of smoking, in some studies as much as 
50% in 1 year. For exsmokers who previously smoked more than 
one pack per day, the residual excess risk also declines, but never 
completely disappears. The decline in risk on cessation of smoking 
cannot be explained by differences in known cardiac risk factors 



between individuals who continue smoking and individuals who 
have quit. Smokers who have used only pipes or cigars did not 
appear to experience a substantially greater CHD risk than non- 
smokers. 

The rapid decline in risk associated with smoking cessation 
and the greater relative risk for sudden death suggest that active 
smoking can precipitate cardiac events in individuals with preex¬ 
isting coronary artery disease. Autopsy evidence of increased arte¬ 
riosclerosis in smokers, coupled with the fact that risk of exsmok¬ 
ers never returns to the levels found in nonsmokers, suggests that 
cigarette smoking is also implicated in the development of arte¬ 
riosclerotic cardiovascular disease (ASCVD). The mechanism by 
which cigarette smoke may lead to the development of chronic 
ASCVD, sudden death, or acute myocardial infarction is unknown. 
There appears, however, to be no threshold in the number of 
cigarettes smoked below which there is no increase in risk. 

Data on uptake of cotinine by nonsmokers exposed to ETS 
indicate that the exposure in nonsmokers chronically exposed to 
ETS is approximately 1% that of an active smoker (who smokes 
one pack per day) (see Chapters 8 and 12). If the excess relative 
risk for CHD mortality or morbidity is a linear, nonthreshold 
function of dose and, further, if the excess risk of CHD in a one- 
pack-a-day smoker is twofold, then the relative risk from CHD 
in nonsmokers exposed to ETS (compared to true nonsmokers) 
would be approximately 1.02. Such relative risks would be difficult 
to detect or estimate reliably in nonexperimental studies. Such 
small increases in relative risk are of the same order of magnitude 
as what might arise from expected residual confounding due to 
unmeasured covariates. Nonetheless, because of the large number 
of cardiovascular deaths each year, these possibilities deserve close 
attention and further study that could lead to firmer estimates of 
excess risk. 


Studies of Environmental Tobacco Smoke Exposure and 
Mortality from Cardiovascular Disease 

Garland et al. (1985) have reported that, in a prospective 
study of the effect of passive smoking, the age-adjusted rates 
of cardiac disease deaths in nonsmoking women whose husbands 
were former or current smokers were significantly elevated. It is 



not certain, however, that the report is correct, because of apossi 
ble miscalculation or misuse of the Mantel-Haenszel statistic am 
some other methodologic problems. Data for the wives of forme: 
smokers were grouped with wives of current smokers. If this group 
ing were made after examining the data, which indicated that th< 
risk was greater among the women whose husbands were formei 
smokers, then this combination would be suspect. The p value; 
based on the Mantel-Haenszel test may be inappropriate in view 
of the small sample sizes. The authors employ the Cox Propor¬ 
tional Hazard analysis to control for other factors associated wit! 
cardiovascular risk, such as age, blood pressure, cholesterol, obe¬ 
sity, years of marriage, etc. They report a relative risk for womer 
married to current or former smokers compared with women mar¬ 
ried to never-smokers of 2.7 (Garland, 1985, corrected from ar 
earlier report). The p value (< 0.10) associated with this esti¬ 
mate is based on the asymptotic assumptions that are implicit ir 
likelihood-based inference from the Cox model. These assump¬ 
tions may not hold for small sample sizes. In summary, because o 
the small sample sizes, the significance calculations arising frorr 
this study must be looked upon as approximations. 

Gillis et al. (1984) reported the results of a follow-up stud) 
of residents of two urban communities in Scotland. Nonsmoker; 
exposed to cigarette smoke in their homes had a slightly higher rat< 
of myocardial infarction than those unexposed. The sample siz< 
was small, so that few of the results were statistically significant 
and other risk factors for myocardial infarction were not controllec 
for. 

Hirayama (1984) reported the results of a 15-year prospectiv< 
study of nonsmoking Japanese women classified at start of follow 
up by the smoking status of their husbands. A relative risk fron 
ischemic heart disease of 1.3 was found for nonsmoking womei 
whose husbands smoked more than 19 cigarettes per day com 
pared with nonsmoking women whose husbands did not smoke, i 
Mantel-Haenszel test for a linear trend was significant at the p < 
0.01 level. 

It is unlikely that Hirayama’s results can be explained b; 
chance. The potential biases inherent in this study (see Chapte 
12) limit the weight that can be placed on these results. Th< 
observed relative risk of 1.3 is at the upper limit of the expec 
tations derived from extrapolations from active smokers, unles 
the uptake of the active component of cigarette smoke to whicl 


>assive smokers are exposed is of the order of 10% of that of active 
imokers. Matsukura et al. (1984) have suggested that such high 
evels of uptake in passive smokers may be seen in Japan. If there 
vere independent evidence that nonsmokers exposed to other peo- 
>le’s cigarette smoke do not differ on known risk factors for CHD 
rom unexposed nonsmokers, more reliance could be placed on 
lirayama’s results. 

Svendsen et al. (1985) reported on the effect of cigarette smoke 
ixposure to smoking wives among men participating in the Multi- 
)le Risk Factor Intervention Trial (MRFIT). MRFIT, which began 
n the mid-1970s, was a randomized primary prevention trial de¬ 
igned to test the effect of a multifactor intervention program on 
nortality from coronary heart disease in men with previous car- 
liac episodes. The men were chosen for participation if they had at 
east two of three risk factors for heart disease, including smoking, 
igh cholesterol levels, or high blood pressure. The results re- 
)orted by Svendsen et al. (1985), based on the group of men who 
ever smoked but whose wives may or may not have been smokers, 
ndicate no difference between exposed (i.e., smoking wives) and 
lonexposed (i.e., nonsmoking wives) of nonsmoking men for blood 
sressure or serum cholesterol. The MRFIT study demonstrates a 
oughly twofold increase in the risk of CHD mortality and morbid- 
ty among nonsmokers exposed to ETS. The sample size was small, 
md the results were not statistically significant. Adjustment for 
>ther risk factors for CHD did not change the estimates of effect. 


SUMMARY AND RECOMMENDATIONS 
What Is Known 

1. No statistically significant effects of ETS exposure on heart 
•ate or blood pressure were found in healthy men, women, and 
school-aged children during resting conditions. During exercise 
here is no difference in the cardiovascular changes for men and 
vomen between conditions of exposure to ETS and control condi¬ 
tions. 

2. With respect to chronic cardiovascular morbidity and mor¬ 
tality, although biologically plausible, there is no evidence of sta¬ 
tistically significant effects due to ETS exposure, apart from the 
study by Hirayama in Japan. 


What Scientific Information la Missing 


1. Experimental studies with animal models need to be pe: 
formed with ETS to determine whether the cardiovascular chang< 
seen following exposure to whole smoke also occur following exp< 
sure to ETS. 

2. Existing studies have not provided evidence of serioi 
harm in people with heart disease. With regard to angina onse 
the findings are uncertain and need to be repeated. 
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Other Health Considerations 
in Children 


Several other health outcomes have been studied that relate to 
the growth and health of children. This chapter discusses studies 
of the influence of ETS exposure on birthweight of the offspring 
of nonsmoking pregnant women and its influence on childhood 
growth and ear infections. For all postnatal outcomes, it is often 
not possible to differentiate effects of in utero exposure to tobacco 
smoke constituent from subsequent childhood exposures to ETS. 


ENVIRONMENTAL TOBACCO SMOKE EXPOSURE 
BY NONSMOKING PREGNANT WOMEN 

The fetus of a smoking mother is exposed in a unique way 
to the chemicals produced in cigarette smoke. Many studies have 
documented the adverse effect this relationship has on intrauter¬ 
ine fetal growth, especially during the third trimester of pregnancy 
(U.S. Department of Health and Human Services, 1976). Mater¬ 
nal cigarette smoking apparently affects fetal oxygenation, due to 
high levels of carboxyhemoglobin in the blood of both mother and 
child (Abel, 1980). However, the effects on the fetus of a nonsmok¬ 
ing mother chronically exposed to ETS are not well documented. 
Some studies have indirectly approached this problem by evaluat¬ 
ing paternal cigarette smoking and birth outcomes in nonsmoking 
pregnant women. 

Some early studies of paternal smoking and birthweight dem¬ 
onstrated a dose-response relationship that was discounted as 
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duced by couples where the husband smoked and the wife did nc 
These latter couples also had increased risks of producing prem 
ture offspring. The possibility that these differences in smoki 
were associated with differences in social class was not explore 
On the bases of these data, Yerushalmy (1971) inferred that pat< 
nal smoking may be incidental to birthweight. When the mothe 
smoking was considered, the importance of paternal smoking d 
appeared. 

In a study of 12,192 births, MacMahon et al. (1966) cc 
firmed the negative association between maternal smoking a 
birthweight of offspring and also found that infants of fathers w 
smoked weighed about 3 ounces less than those of fathers who c 
not smoke. They attributed this finding to the correlation betwe 
husbands’ and wives’ smoking habits, or to chance. MacMah 
et al. (1966) referred to Yerushalmy’s (1962) observation of 
association of father’s smoking habits with infant weight as “b 
logically nonsensical.” 

In a study of 175 normal neonates and 202 neonates w: 
congenital malformations, Borlee et al. (1978) found that pat 
nal smoking was independently and significantly associated w 
reduced birthweight and higher perinatal mortality. They spe< 
lated that the effect occurred through its association with anotl 
factor. Gibel and Blumberg (1973) reported on a study of 5,C 
children in which children of nonsmoking mothers whose fath 
smoked more than 10 cigarettes per day had higher perinatal na¬ 
tality than children whose parents were both nonsmokers. 1 
incidence of severe malformations in children of fathers who w 
heavy smokers was double that of children of nonsmoking fathe 
independent of parental age and social class. 


Using code sheets prepared at birth of 48,505 women in world¬ 
wide naval installations, Underwood et al. (1967) found that fa¬ 
thers’ smoking habits influenced pregnancy outcome. However, 
this was attributed to the increased numbers of wives who smoked 
when husbands smoked. For paternal smoking in the absence of 
maternal smoking, no association was found. Holmberg and Nur- 
minen (1980) and Hughes et al. (1982) also reported no association 
of paternal smoking with low birthweight in cross-sectional reviews 
of several thousand births. 

Rubin et al. (1986) provide a recent contribution to this sub¬ 
ject based on a survey of 500 consecutive births. About two-fifths 
of the women reported smoking during pregnancy; 70 percent 
reported drinking. Paternal smoking was evaluated in terms of 
frequency and quantity of substance smoked, as reported in stan¬ 
dardized interviews. They found that birthweight was reduced an 
average of 120 g per pack of cigarettes smoked per day by the 
father. This relationship remained statistically significant after 
controlling for relevant variables, including mother’s age, parity, 
maternal smoking, and alcohol and tobacco consumption during 
pregnancy. The effect was greatest in the lower social classes. 

In a prospective study, Martin and Bracken (1986) studied 
3,891 antenatal patients, 2,613 of whom did not smoke during 
pregnancy. One-third of the nonsmoking mothers (i.e., 906) were 
exposed to ETS for at least 2 hours per day. ETS exposure was 
related to lower birthweight in full-term babies (23.5 g, not signif¬ 
icant). A logistic regression to control for gestational age, parity, 
ethnicity, and maternal age produced a significantly increased risk 
of delivering a low-birthweight baby, i.e., less than 2,500 g at birth 
for ETS-exposed mothers (relative risk = 2.17, p < 0.05). The re¬ 
tardation in fetal growth rate is small but appears to be clinically 
meaningful at the low end of the birthweight distribution. That is, 
exposure to ETS increases the risk that the infant will weigh less 
than 2,500 g and, therefore, will have a higher perinatal mortality. 

GROWTH IN CHILDREN 

A few studies have examined possible relationships between 
chronic exposure to ETS by children and parameters of growth 
and development. Many studies have demonstrated that smoking 
during pregnancy results in newborns who are lighter and shorter 
than other infants, even when gestational age has been taken into 



account (Meredith, 1975; U.S. Department of Health and Huma 
Services, 1976). This deficit in height and weight appears to persi; 
into infancy and childhood (Goldstein, 1971; Butler and Goldsteii 
1973; Dunn et al., 1976; Miller et al., 1976; Rantakallio, 1983). 

Current smoking status of the mother also has been associate 
with decreased attained height (Rona et al., 1981; Berkey et al 
1984), although growth rate was not slower among these childre 
(Berkey et al., 1984). These studies, however, did not different 
ate between smoking during pregnancy and subsequent exposure 
during infancy and preschool years. 

Rona and colleagues (1985) reanalyzed data from the Ni 
tional Study of Health and Growth (England) for a sample i 
5,903 children aged 5 to 11 years, separating the effects of smokin 
during pregnancy from those of later smoking. After adjusting tli 
data for social class and other social factors, they found that ri 
duced height was associated with increasing numbers of cigarette 
smoked in the home, regardless of whether the mother smoke 
during pregnancy and regardless of which parent smoked. Thei 
remained a small but significant effect on height—a reduction < 
approximately 0.05 standard deviations of height (approximate] 
0.3 cm) for each 20 cigarettes consumed daily in the home. 

To verify this small change in height, other studies of con 
parable magnitude are needed. Growth is an especially difficu 
phenomenon to study. Many factors, such as genetics, nutritioi 
social class, and ethnicity play important roles, and it is difficu 
to assign proportionate causality to each factor. Recall bias i 
the mothers of school-age children regarding their smoking habii 
during the pregnancy may produce unreliable results, especial] 
in light of the increasing publicity regarding ill effects on the fi 
tus of maternal smoking during pregnancy. Moreover, height an 
weight ratios and other growth measures are not reliably obtaine 
in standard pediatric surveys. 

CHRONIC EAR INFECTIONS 

A number of studies have linked household exposure to ET 
with increased rates of chronic ear infections and effusions in chi 
dren. Chronic ear infections or effusions in young children can lea 
to hearing loss and consequent speech pathology. Kraemer and co 
leagues (1983) conducted a hospital-based case-control study of 1 
children with persistent middle-ear effusions contrasted with 1 


children admitted for other types of surgery who were matched for 
age, sex, season, and surgical ward. They found that the daily ex¬ 
posure to ETS was greater among cases. They also reported that 
middle-ear effusions clear less readily in children heavily exposed 
to ETS. They concluded that a combination of several factors 
increased the risk of persistent middle-ear effusions, including re¬ 
current otitis media, nasal catarrh, cigarette smoke exposure, and 
nasal allergies that chronically inflame the nasal and middle-ear 
cavities, causing persistent eustachian tube dysfunction. For chil¬ 
dren with regular exposure to ETS, atopy, and congestion, the 
relative risk for PPME was 6.3 (95% confidence interval, 1.9-21.1). 

In another case-control study of 150 children hospitalized for 
chronic middle-ear effusions and 150 children hospitalized for other 
reasons (Black, 1985), the odds ratio for parental smoking was 
found to be significantly elevated (1.6). This effect was consis¬ 
tent across age groups, and became more evident in older children 
where effusions are less common. Pukander et al. (1985) reported 
that ETS was a significant risk factor for acute otitis media in 2- 
and 3-year-old children. They evaluated a number of important 
indoor environmental conditions, including relative humidity, car¬ 
bon dioxide, and temperature. In this study, children of smoking 
parents also had 60% more middle-ear effusions than children of 
nonsmoking parents. 

SUMMARY AND RECOMMENDATIONS 

For all postnatal outcomes among children, it is difficult to 
differentiate effects of in utero exposure to tobacco smoke con¬ 
stituents from subsequent childhood exposures to ETS. However, 
for the above outcomes, there are indications that exposures to 
ETS may have effects on the fetus or child. 

What Is Known 

1. Evidence has accumulated indicating that nonsmoking 
pregnant women exposed to ETS on a daily basis for several 
hours are at increased risk for producing low-birthweight ba¬ 
bies, through mechanisms which are, as yet, unknown. Recent 
studies show a dose-response relationship between the number of 
cigarettes smoked by the father and birthweight of the children of 
nonsmoking pregnant women. 


2. A few studies have reported that children of smokers have 
reduced growth and development. These require further corrobo¬ 
ration to differentiate in utero exposure from subsequent childhood 
exposures. 

3. Household exposure to ETS is linked with increased rates 
of chronic ear infections and middle-ear effusions in young chil¬ 
dren. For children with nasal allergies and recurrent otitis media, 
ETS exposure may synergistically increase their risk of persistent 
middle-ear effusions. 


What Scientific Information Is Missing 

1. Experimental studies should be developed to articulate 
possible mechanisms through which paternal smoking adversely 
effects fetal growth in nonsmoking pregnant women. Special em¬ 
phasis should be placed on identifying relevant effects of preg¬ 
nancy on excretion and absorption of ETS, including transplacen¬ 
tal metabolism. 

2. Additional study is needed to corroborate one finding of a 
dose-response relationship between reduced height of children and 
increasing numbers of cigarettes smoked in the home, regardless 
of whether the mother smoked during pregnancy and regardless of 
which parent smoked. 

3. Research should be conducted to explore the mechanisms 
by which exposure to ETS might adversely affect the functioning 
of the ear and to study possible long-term consequences of ETS 
exposure for the auditory apparatus. 
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APPENDIXES 




Appendix A: 

Guidelines for Public and 
Occupational Chemical Exposures 
to Materials That Are Also Found 
in Environmental Tobacco Smoke 


Table A-l gives a series of guidelines for public and industrial 
populations regarding exposure to chemicals that are also con¬ 
stituents in environmental tobacco smoke (ETS). Not all of the 
constituents of ETS thought to be toxic or carcinogenic have had 
guideline levels established. The values in the table are taken from 
the fourth edition of the Documentation of the Threshold Limit 
Values , published by the American Conference of Governmental 
and Industrial Hygienists (1986). The NIOSH recommendations 
and OSHA standards can be found in the NIOSH Pocket Guide 
to Chemical Hazards, published by the U.S. Department of Health 
and Human Services (National Institute for Occupational Safety 
and Health, 1981). 

Each of these guidelines and standards has been established 
with different considerations in mind. The EPA standards, which 
apply to outdoor environments, have been established by law to 
protect the most susceptible individuals. The OSHA standards 
and ACGIH, NIOSH, and European guidelines have been estab¬ 
lished for the normal, healthy adult working populations. These 
guidelines accept some level of risk to some people. They do 
not consider children, the elderly, or populations with preexisting 
health conditions who may be at greater risk for health effects of 
exposure. The appropriate guidelines for susceptible populations 
probably would be lower. These industrial guidelines also differ 
from the environmental standards in that they assume that the 
exposure is limited to a workday period or a time-limited emer¬ 
gency. 
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The guidelines are given in terms of cumulative exposure over 
period of time or in terms of maximal concentrations. The 
threshold Limit Value (TLV) is the time-weighted average con- 
ntration of a normal 8-hour workday or 40-hour work week. 
?he Short-Term Exposure Limit (STEL) is defined as a 15-minute 
ime-weighted average exposure that should not be exceeded at 
ny time during a workday, even if the 8-hour time-weighted av- 
rage is within the TLV. Exposures at the STEL should not be 
epeated more than four times per day, with at least 60 minutes 
etween successive exposures at the STEL. The ceiling limit is the 
oncentration that should never be exceeded. 

Finally, it should be noted that the guidelines are established 
Dr individual chemicals, without consideration of complex mix- 
ures that may contain these chemicals. The behavior of the 
emicals in a complex mixture over time is likely to be com- 
ilicated. In summary, the direct comparisons of these guidelines 
nth ambient levels measured in natural or experimental condi- 
ions should be made with caution. In some cases, the comparison 
iay be inappropriate. 
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Appendix B: 

Method of Combining Data from 
Studies of Environmental Tobacco Smoke 
Exposure and Lung Cancer 


Consider the following kinds of data that might be reportec 
in an epidemiological study of chronic exposure to environments 
tobacco smoke (ETS) and lung cancer: 




Lung Cancer 
Yes 

TTo 

Total 

Exposure 

Yes 

a 

b 

mi 

to 

ETS 

No 

c 

d 

m 2 

Total: 


m 3 

m 4 

T 


Therefore, T is the total number of people in the study, a is th 
number of people chronically exposed to ETS who also have lun 
cancer, b is the number of people chronically exposed to ETS wh 
do not have lung cancer, c is the number of people not chronicall 
exposed to ETS who have lung cancer, and d is the number c 
people not chronically exposed to ETS who do not have lun 
cancer. The marginal totals are mi = a + b, m 2 = c + d, m 3 = 
+ c, and m 4 = b + d. The data that correspond to these variable 
from all of the studies examined in Chapter 12 are shown in Tab] 
B-l. 


CASE-CONTROL STUDIES 

In a case-control design, the subjects are chosen on the bas 
of the health outcome, and their exposure history is assessed. 
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'For the calculations, (a) through (d) are used for case-control studies and published RR are used for prospective studies. 



The expected number of people who are exposed to environ 
mental tobacco smoke and develop lung cancer is given by: 


mi x m3 

f ■ 

Expected numbers for each of the studies are shown in Table 12-4 
The difference between observed and expected numbers of peopli 
with lung cancer who are exposed to ETS can be calculated, an< 
the variance of this difference is given by: 


mi x m2 x m3 x >714 
T x T x (T - 1 ) 


Therefore, the natural logarithm of the odds ratio (V>) can b< 
estimated by: 


Observed — Expected 
Variance (Observed — Expected) 
and the variance of this estimate is given by: 


Variance of if> = [(Variance(Observed — Expected)] -1 
(Yusuf et al., 1985). 


The odds ratio is estimated by exp]^] and is shown in Table: 
12-4 (and B-l) with its 95% confidence intervals for each of thi 
studies. 


PROSPECTIVE (OR COHORT) STUDIES 

In prospective studies, also known as cohort studies, the sub 
jects are classified (or chosen) on the basis of exposure and th< 
health endpoint is then assessed. 

In all of the articles the authors have estimated the relativi 
risk, adjusting for such variables as age. Therefore, the publishec 
relative risk values were used in the following calculations rathe 
than the estimates of the crude relative risk that could be calcu 
lated from the data given in the text. For those studies where i 
relative risk estimate was given for different levels of smoking b; 
the spouse (Garfinkel et al, 1981; Hirayama, 1984), a combine: 
estimate of the relative risk was calculated using the method give: 
below for combining the prospective studies. 

The number of people who are exposed to ETS who are ex 
pected, under the null hypothesis of no effect, to develop lun; 
cancer is: 


m 3 - ( m 3 /E ) x c, 


vnere & is wie expecbeu nuiuoer 7^3, uaaeu on biie puDusnea 
elative risk (RR), that is: 

E = c ■+■ [a/RR). 

The approximate variance of the observed minus expected 
umbers of people with lung cancer who are exposed to environ- 
nental tobacco smoke is: 

mi x m 2 x m 3 x m 4 
T x T x (T - 1) ' 

rhe variance of the natural logarithm of the relative risk was 
:alculated using the published confidence limits for the estimate 
)f the relative risk, except for one study (Gillis et al., 1984), where 
,he method given above for the case-control studies use used since 
10 confidence limits were available. 


SUMMING OVER STUDIES 

The overall values for the case-control studies were calculated 
>y adding the values of Observed — Expected (i.e., O — E) and 
iheir variance for the individual studies as follows: 


E(Q--E) 

£Var (O-E) 


md for the variance: 


Variance(ln OR) = 

[Yusuf et al., 1985). 

For the prospective studies, the overall value for the In RR 
was calculated as: 


Y'_ i _ 

^ VarfO - E)i 


In RR — 


■t— » (In RR)i I 'r—' 1 

^ Var(ln RR)i / ^ Var(ln RR) t 


and for the variance: 

Var(ln RR) = £ Var(ln RR }. 

[Kleinbaum et al., 1982). 

The overall value, for all of the studies combined, was obtained 


prospective studies using the overall values for the case-control 
and prospective studies in the above equations. 
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Appendix C: 

Adjustments to Epidemiologic 
Estimates of Excess Lung Cancer 
in Persons Exposed to 
Environmental Tobacco Smoke 


Chapter 12 describes 13 epidemiologic studies that estimate 
ie relative risks of lung cancer in nonsmoking spouses of smokers 
impared with nonsmoking spouses of nonsmokers. A weighted 
erage of the relative risks of “exposed” to “unexposed” persons 
1.34, i.e., a 34% increase in lung cancer risk as a consequence of 
ivironmental tobacco smoke (ETS) exposure. On the other hand, 
e can extrapolate in a linear fashion from the relative levels of 
>tinine that had been measured in active smokers and exposed 
insmokers. The expected relative risk for exposed nonsmokers 
ould range from about 1.03 to 1.10. Neither of these estimates 
is been corrected for possible misclassification of subjects in the 
iidemiologic studies. The latter risk assumes that the one-time 
.easure is a satisfactory surrogate for lifetime exposure. Misclas- 
fication problems and problems in estimating actual carcinogen 
cposure make it very difficult to provide an estimate of the num- 
ers of cancer cases both in smokers and nonsmokers that might 
e attributable to ETS. 

In this section we combine information from several sources 
> generate crude estimates of the relative risk to nonsmokers 
3 a consequence of chronic exposure to ETS. The computations 
:ported here are highly simplified and should be looked on as 
roviding only a first approach to risk evaluation. A more detailed 
pproach, including a more explicit statement of the assumptions 
ivolved, is given in Appendix D. A major concern is that persons 
ho have been identified as “unexposed” to ETS may have really 
een exposed. If this were true, then the risks relative to truly 
nexposed persons would be underestimated. To estimate this 
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possible effect, the results from studies of urinary cotinine ar 
used here to adjust for the proportion of self-reported “unexposed 
nonsmokers who, in fact, may have been exposed to ETS. 


USING COTININE MEASUREMENTS 
TO CORRECT MISREPORTING 

The only source of cotinine or nicotine in body fluids is tobacc 
smoke exposure. Therefore, urinary cotinine provides an objectiv 
measure of (recent) exposure. It has been reported (Jarvis et al 
1984; Wald et al., 1984) that urinary nicotine and cotinine are 
times as high in “exposed” nonsmoking spouses of current smoker 
than in “unexposed” nonsmoking spouses of current nonsmoker: 
For example, Wald and Ritchie (1984) report urinary cotinin 
in the ratio 1:3:215 for “unexposed” nonsmokers, ETS-expose 
nonsmokers, and regular smokers, respectively. 

Several assumptions need to be made to permit the use < 
these data before any quantitative risk computation can be mad< 

• Current smoking patterns reflect past patterns. 

• Cotinine or nicotine concentrations in the urine are linear! 
related to recent exposures to ETS and to the carcinogens in ET 
among nonsmokers. 

• All subjects in the various studies began to be exposed 1 
ETS at the same age and have continued to be exposed at tl 
same rate throughout the follow-up period. 

• The excess relative risk for lung cancer in nonsmokers 
proportional to the dose (in cigarette equivalents) of ETS a 
sorbed. 

An assumption of a linear dose-response relationship impli 
that if the risk (i.e., mortality rate) at a given age (t) for a specii 
calendar period (s), given some absorbed dose ( d ), then 7 (t,s| 
is: 


7(t,a|d) = 7o(t, a)(l + /9d). ( 

This equation expresses the risk as equal to the base mortali 
risk, 7o(t,s), for a truly unexposed person for the same age a: 
calendar period, multiplied by an excess relative risk that increas 
linearly with dose, i.e. (1 + fid), where fi is the amount of increa 
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sr unit dose.* Further, the risk for a truly unexposed nonsmoker, 
i., 7 o(M)) is assumed to be the same for men and women. This 
ssumption is supported, in part, by the results given in Chapter 
l and, in part, by earlier studies of Garfinkel (1981) and Friedman 
; al. (1984). Doll (1984), however, gives different risks for men 
id women of lung cancer mortality in nonsmokers. 

If djs is actual dose in the "exposed” persons and d N is the 
:tual dose in persons who believe themselves to be “unexposed,” 
len we have, from Equation 1: 


id 


q(M|ds) = 7o(f,s)(l + /?d B ), (2A) 


7(t,s|d w ) =7o(t, «)(l + /9dw), (2B) 

he relative risk for a person identified as “exposed” compared to 
person identified as “unexposed” [tf-Rfd#)] is given by Equation 
A. divided by 2B: 

RR ^ “ <»> 

hich, from Chapter 12, is 1.34, the relative risk estimated from 
re epidemiologic studies. 

From the studies that measured cotinine in “exposed” and 
unexposed” persons, we assume that the operative dose level, 
e , among “exposed” individuals is 3 times as high as the dose 
ivel in the self-reported “unexposed” persons, d N , and that the 
atio of 3:1 is proportional to a lifetime dose difference. Therefore, 
Iquation 3 may be rewritten as: 

(4) 

Iquation 4 can be solved for fi d^ , which is the increase in risk for 
iersons called “unexposed,” but who, in fact, have been exposed 

* Work by Doll and Peto (1978) shows that the relative risk for direct 
mokers increases as a linear-quadratic function of dose, rather than the 
imple linear form shown here. A more sophisticated model would take 
ito account the several stages at which cigarette smoke operates in the 
rultistage development of cancer. At low doses the linear-quadratic is well 
pproximated by the linear, i.e., 1 + fiid + fizdfi is close to 1 + fid because 
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cotinine or nicotine. Solving Equation 4 gives: 


/3cfjy = 0.20. 

Thus, the relative risk for a self-identified “unexposed” person 
compared with a truly unexposed person is: 


1 + 0.20 = 1 . 20 , 

and the relative risk for an “exposed” person compared with a 
truly unexposed person is: 


1 + 3(0.20) = 1.60. 

To see what possible effect these relative risk estimates would 
have on the population-attributable risk, i.e., the fraction of lung 
cancer in nonsmoking individuals attributable to ETS, the pro¬ 
portion of the population that is exposed to ETS needs to be 
estimated. Wald and colleagues (1984) have reported that 17% of 
nonsmoking women and 12% of nonsmoking men fall into the cat¬ 
egory of “exposed,” i.e., nonsmoking spouses of smokers. By sub¬ 
traction, this means that 83% of nonsmoking women and 88% of 
nonsmoking men would consider themselves “unexposed.” Given 
this, we can estimate the population-attributable risk, which is 
given in general form as: 

p^RK-q + jl-pMRRa-l) 

Pi(RRi) + {l-Pi){RBa) ’ lJ 

where pi is the proportion of people who call themselves “ex¬ 
posed,” RRi is the relative risk of self-reported “exposed” persons, 
and RR% is the relative risk of self-reported “unexposed” persons. 
Thus, for men: 


PAR 


men 


0.12(0.60) +0.88(0.20) 
0.12(1.60) +0.88(1.20) 


and for women: 


0 . 20 . 


PAR _ 0-17(0.60)+ 0.83(0.20) 

women 0 .17(l.60) + 0.83(1.20) 

That is, about 21% of the lung cancers in nonsmoking women and 
20% in nonsmoking men may be attributable to exposure to ETS. 


REFERENCES 


ill, R.D. Epidemiological discovery of occupational cancers. Ann. Acad. 

Med. Singapore 13(Suppl.):331-339, 1984. 
ill, R.D., and R. Peto. Cigarette smoking and bronchial carcinogenic: Dose 
and time relationships among regular smokers and lifelong nonsmokers. 
J. Epidemiol. Comm. Health 32:303-313, 1978. 
ledman, G.D., R.D. Bawol, and D.B. Pettiti. Prevalence and correlates of 
passive smoking. Am. 3. Public Health 73:401-405, 1983. 
irfinkel, L. Time trends in lung cancer mortality among nonsmokers and a 
note on passive smoking. J. Natl. Cancer Inst. 66:1061-1066, 1981. 
nris, M., H. Tunstall-Pedoe, C. Feyerabend, C, Vesey, and Y. Salloyee. 
Biochemical markers of smoke absorption and self reported exposure to 
passive smoking. J. Epidemiol. Comm. Health 38:335-339, 1984. 
aid, N.J., A. Boreham, A. Bailey, C. Ritche, J.E. Haddow, and G. Knight. 
Urinary cotinine as a marker of breathing other people’s smoke. Lancet 
1:230-231, 1984. 

aid, N.J., and C. Ritchie. Validation of studies on lung cancer in non- 
smokers married to smokers. Lancet 1:1067, 1984. 


Appendix D: 

Risk Assessment—Exposure to 
Environmental Tobacco Smoke 
and Lung Cancer 


James Robins 


This authored appendix was prepared by Dr. James Robins < 
the Harvard University School of Public Health. The material we 
not considered by the committee largely because of lack of tim 
nor was it reviewed by the National Research Council. It gives a 
approach to risk assessment that considers both the epidemiolog 
data and some measures of exposure to the constituents of ETS. 
is included as an addendum of this report and is presented here i 
one possible way to integrate the data contained in the remaindi 
of the report. 


INTRODUCTION 

In Chapter 12, the results of 13 epidemiologic studies are sue 
marized. Each study provided an estimate of the ratio of the lur 
cancer mortality rate among nonsmokers who answered “yes” i 
a question like “Is your spouse a smoker?” (hereafter called “e: 
posed” individuals) to the mortality rate among nonsmokers wl 
answered “no” to that question (hereafter called “unexposed” inc 
viduals). A weighted average of the 13 study-specific rate ratios 
roughly 1.3. In this appendix, we assume that a weighted avera, 
of 1.3 is causally related to differences in environmental tobao 
smoke (ETS) exposure between “exposed” and “unexposed” i 
dividuals and not to bias (e.g., misclassification of smokers 
nonsmokers—see Chapter 12). 


Wald and Ritchie (1984) have shown that “unexposed” indi- 
dduals have, on average, 8.5 ng/ml of cotinine in their urine. Since 
'irtually the only source of cotinine or nicotine in body fluids is 
;obacco products, primarily through tobacco smoke exposures, it 
ollows that “unexposed” individuals are exposed to ETS. For this 
■eason, whenever we refer to such “unexposed” subjects, we place 
ihe word “unexposed” in quotation marks. If the “unexposed” 
mbjects have, in fact, been exposed to ETS, the observed relative 
isk of 1.3 would be an underestimate of the true adverse effect of 
DTS on “exposed” individuals. The correct measure of the adverse 
sffect of ETS on “exposed” individuals would be the ratio of the 
ung cancer mortality rate in “exposed” individuals to the rate in 
iruly unexposed individuals (which we shall call the true relative 
isk in the “exposed”). 

In Section D-l, we use the data collected by Wald and Ritchie 
1984) on levels of urinary cotinine in “exposed” and “unexposed” 
ndividuals to estimate this true relative risk by two different 
nethods. 

In Section D-2, we combine the existing epidemiologic data 
m active smokers with data on nonsmokers exposed to ETS to 
istimate the ETS exposure of an average nonsmoker in cigarette- 
jquivalents per day. Additionally, we compare this estimate to 
ndependent estimates of ETS exposure based on (l) levels of 
•espirable suspended particulates (RSP), benzo[a]pyrene (BaP), 
md iV-nitrosodimethylamine (NDMA) in ETS and in mainstream 
smoke and (2) levels of urinary cotinine and nicotine in active 
smokers and nonsmokers. 

In Section D-3, we compute how many of the lung cancer 
deaths estimated to occur among (lifelong) nonsmoking persons 
sn 1985 might be attributable to ETS. The estimate is made sep¬ 
arately for women and for men. 

Many environmental exposures are regulated to a level where 
the anticipated lifetime risk of death attributable to exposure is 
less than 1 in 100,000 or 1 in 1,000,000. In Section D-4, we consider 
whether the lifetime risk of death (from lung cancer) attributable 
to ETS among nonsmokers with moderate ETS exposure is in 
excess of 1 in 100,000. (Although we do not estimate the lifetime 
risk of death attributable to ETS from causes other than lung 
cancer, this does not imply that we believe that lung cancer is the 
nly cause of mortality influenced by ETS exposure. The decision 
to restrict the analysis to lung cancer mortality reflects the fact 


that the data necessary to perform an adequate quantitative risk 
assessment for causes of death other than lung cancer do not exist.) 

In discussions of the health effects of ETS exposure, one 
should consider the effect on exsmokers of breathing other peo¬ 
ple’s cigarette smoke, since exsmokers have given up smoking, 
presumably to protect their health. Therefore, in Section D-4 we 
estimate, for exsmokers, the lifetime risk of death from lung cancer 
attributable to breathing other people’s cigarette smoke. 

The sections D-l to D-4 give nontechnical expositions of the is¬ 
sues. A separate Technical Discussion Section provides additional 
technical support and mathematical background. 

In order to make quantitative estimates of the lung cancer 
risk attributable to ETS, numerical values must be chosen for a 
large number of parameters. When there are either no data or 
inconsistent data as to the magnitude of an important parameter, 
results are reported for a range of plausible values (i.e., a sensitivity 
analysis is performed). 


Summary of Main Results Under the Assumption That 
the Summary Rate Ratio of 1.3 Is Causal 

We summarize our main results. We caution the reader that 
the proper interpretation of these results requires that one read 
Section D-l to D-4 and the discussion section that follows. 

The estimated true relative risk for “exposed” individuals lies 
between 1.41 and 1.87. For “unexposed” individuals, the estimated 
true relative risk lies between 1.09 and 1.45. The number of (ac¬ 
tively smoked) cigarettes effectively inhaled by a nonsmoker living 
with a smoking spouse lies in the range of 0.36-2.79 cigarettes/day. 
If the spouse is a nonsmoker, however, the estimated number lies 
between 0.12 and 0.93 cigarettes/day. 

Of the roughly 7,000 lung cancer deaths estimated to have oc¬ 
curred among lifelong nonsmoking women in 1985, between 1,770 
and 3,220 may be attributable to ETS. Of the roughly 5,200 lung 
cancer deaths estimated to have occurred among lifelong nonsmok¬ 
ing males in 1985, between 720 and 1,940 may be attributable to 
ETS. 

The estimated lifetime risk of lung cancer attributable to ETS 
in a nonsmoker with moderate ETS exposure lies between 390 
and 990 in 100,000. The estimated lifetime risk of lung cancer 
attributable to other people’s cigarette smoke for an exsmoker who 



noked one pack per day from age 18 to 45 and was moderately 
rposed to other people’s cigarette smoke lies between 520 and 
030 per 100,000. 

>-l ESTIMATION OF THE TRUE RELATIVE RISK 

Method 1 

The first method for estimating the true relative risk relies on 
/o assumptions: 

• The excess relative risk in a nonsmoker is proportional to 
e lifetime dose of ETS. That is, if an individual’s dose of ETS (at 
1 ages) were doubled, his excess relative risk would be doubled. 

• At every age, “exposed” subjects have been exposed to 
TS at a rate 3 times that of “unexposed” subjects. A factor 
: 3 was selected to reflect the empirical observation that the 
mcentration of cotinine in the urine of nonsmokers with smoking 
mouses is about 3 times that of nonsmokers without smoking 
jouses (Wald and Ritchie, 1984). 

These two assumptions imply that the excess (true) relative 
sk in “exposed” individuals is 3 times that of “unexposed” indi- 
Lduals. Hence, in the absence of bias, the summary rate ratio of 
,3 equals the ratio of the true relative risk in “exposed” individ- 
als to that in “unexposed” individuals. Therefore, 


here x and 3x are the excess true relative risks in “unexposed” 
ad “exposed” individuals, respectively. Solving for x gives x = 
18 and, thus, the true relative risk in “exposed” and “unexposed” 
tdividuals of 1.54 and 1.18, respectively. If we used the summary 
ite ratio of 1.14 from only the U.S. studies (see Chapter 12), 
e estimate the true relative risk in “exposed” and “unexposed” 
tdividuals to be 1.23 and 1.08, respectively. 

It is likely that the second assumption above may be inappro- 
riate (see Remark 4 in the Technical Discussion). For instance, it 
unlikely that the ETS exposure in childhood is 3 times greater in 
ibjects who later married smokers, i.e., “exposed” subjects, than 
l subjects who later married nonsmokers, i.e., “unexposed” sub¬ 
sets. If it is not appropriate, then another approach is necessary, 
'his approach is outlined in Method 2, which follows. 


Method 2 


Method 2 relies on the following two assumptions: 

• Assume that (a) cigarette smoke influences the rates of the 
first- and fourth-stage cellular events in a five-stage multistage 
cancer process (Day and Brown, 1980; Brown and Chu, in press); 
(b) ETS affects the same two stages; and (c) the ratio of the relative 
magnitude of the effect (on a multiplicative scale) on stage 4 to 
that on stage 1 is the same for ETS and mainstream smoke. If we 
let pi and pi represent the magnitude of the effect on the first and 
fourth stages, respectively, then (c) implies that pi/pi is the same 
for ETS and mainstream smoke. 

• Assume the observed overall summary rate ratio of 1.3 is 
the ratio of the true relative risk in “exposed” subjects to that in 
"unexposed” subjects at age 70 (see Remark 3 in the Technical 
Discussion). 

It is possible to estimate the true relative risk in “exposed” 
and “unexposed” study subjects, given two additional pieces of 
information (see Remark 8 in the Technical Discussion). 

First, we require an estimate of the ratio pi/pi. An estimate 
of Pi/ pi can be obtained by fitting the above multistage cancer 
model to data on the lung cancer experience of active smokers. 
In particular, an estimate of 0.0124 is obtained by fitting the 
multistage model to the continuing smoker data among British 
physicians given by Doll and Peto (1978). Brown and Chu (in 
press) obtained an estimate of 1.8, derived by fitting the multistage 
model to data from a large European case-control study of lung 
cancer. These two estimates of Pi/Pi, however, differ from one 
another by 150-fold. A third estimate of pi/pi was computed, 
based on the following considerations. The estimate of Pi/pi from 
Doll and Peto (1976) fails to adequately account for the rapid fall 
off in relative risk in British physicians upon cessation of smoking. 
Since a larger ratio of pi/pi will be associated with a more rapid 
fall off of risk when smoking is stopped (especially among smokers 
of relatively few cigarettes a day), we computed the maximum 
estimate of Pi/Pi that was statistically consistent (at the 5% level) 
with the continuing smoker data in Doll and Peto (1978). This 
estimate was 0.225. Rather than choose among these estimates, 
we performed a sensitivity analysis using the three estimates of 


3 4 //?i of 0.0124, 1.8, and 0.225 (see Remark 5 in the Technical 
Discussion). 

Second, we require, at each age, an estimate of the age-specific 
ETS exposure of “exposed” and “unexposed” study subjects rela¬ 
tive to the current ETS exposure of an average adult nonsmoker 
whose spouse is a nonsmoker. Information does not exist to an¬ 
swer questions such as “How many times greater (or less) was the 
past ETS exposure in average “exposed” subjects from age 0 to 
20 than the current ETS exposure of an average adult nonsmoker 
with a nonsmoking spouse?” Therefore, a sensitivity analysis was 
performed using 30 different choices for the lifetime exposure histo¬ 
ries of “exposed” and “unexposed” subjects (relative to the current 
ETS exposure of an adult nonsmoker without a smoking spouse). 
The choice of exposure histories was influenced by the following 
general considerations. Smaller differences postulated between the 
lifetime ETS exposures of “exposed” and “unexposed” individuals 
will be associated with larger estimates of the true relative risk. 
(Having an observed rate ratio as large as 1.3 when there is truly 
nly a small difference in dose between the “exposed” and “un¬ 
exposed” subjects would imply that ETS is a potent carcinogen.) 
Therefore, we tried to select some exposure histories that would 
modestly underestimate the true difference in exposures between 
the “exposed” and “unexposed” study subjects and others that 
ould modestly overestimate this difference. The rationale for our 
particular choices of the 30 exposure histories is given in Remark 
7. 

Thirty possible exposure histories are given in Table D-l. 
Remark 6 in the technical discussion describes how to read the 
exposure histories from this table. 

Table D-2 gives the maximum and minimum estimates of 
the true relative risk among the “exposed” and “unexposed” for 
each choice of /3 4 /#t, over the 30 exposure histories. The column 
denoted “all” gives the overall maximum and minimum as the 
choice of both /? 4 //?i and exposure history varies. 

The most striking finding is that the estimate of the excess 
(true) relative risk for “exposed” individuals varies only twofold, 
from 0.41 to 0.87, and includes the estimate, 0.54, obtained with 
Method 1. All estimates exceed the uncorrected value of 0.30. 
Estimates of the excess true relative risk in the "unexposed” range 
from 0.09 to 0.45. Because of the possibility that the 30 exposure 
histories are not representative of those in Japan and Greece, two 
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rABLE D-2 Estimated Ranges for the True Relative Risks (RR) in 
“Exposed” and “Unexposed” Subjects 


Rate 

Ratio" 


04/01 




Group 

All 

0.0124 

0.225 

1.8 

1.3 

“Exposed” 

1.41-1.87* 

(321)-(113)'' 

1.41-1.87" 

(321)-(113) 

1.43-1.72 
(321)-(113) 

1.43-1.64 
(321 >—(113) 

“Unexposed” 

1.09-1.45 
(321)-(113) 

1.09-1.45 
(321)-(113) 

1.10-1.34 
(321)-(l13) 

1.11-1.27 
(321)—(113) 

1.14 

“Exposed” 

1.19-1.35 

(321)-(113) 

— 

— 

— 

"Unexposed” 

1.04-1.18 
(321)-(113) 


— 

— 


"Assume causal summary rate ratio. 

*Rangc of RR over 30 exposure histories and three values of ft//3|. 

"Range of RR over 30 exposure histories. 

^Exposure histories (a. b, c) at which minimum and maximum, respectively, occur [see 
Table D-l for definition of exposure histories (a, b, c)]. 

of the countries in which epidemiologic studies were conducted, 
ive repeated the analysis using the overall summary rate ratio of 
L.14 from the U.S. studies. In this case the overall range in the 
jstimates of the true relative risk was 1.19 to 1.35 in the “exposed” 
and 1.04 to 1.18 in the “unexposed.” 


D-2 THE CARCINOGEN-EQUIVALENT NUMBER 
OF ACTIVELY SMOKED CIGARETTES 
INHALED DAILY BY PASSIVE SMOKERS: 

COMPARISONS OF EPIDEMIOLOGIC WITH 
DOSIMETRIC ESTIMATES 

In this section we attempt to estimate the number of cigarettes, 
i 0 , that would have to be actively smoked to deliver to the lung 
of the smoker a dose of active carcinogen equal to the daily pul¬ 
monary dose of carcinogen (attributable to ETS) of an average 
adult nonsmoker with a nonsmoking spouse. Roughly speaking, 
d 0 is the (lung) carcinogen-equivalent number of (actively smoked) 
cigarettes inhaled daily by an average adult nonsmoker with a non¬ 
smoking spouse. 

Under the assumptions of Method 2, we saw that knowledge 
f and of the relative exposure histories of “exposed” and 

“unexposed” study subjects was sufficient to estimate the true 


relative risks. If we also have an independent estimate of ft, we 
can estimate d 0 as well (see Remark 8). Each of our three methods 
of deriving an estimate for ft/ft from data on active smokers also 
produces an estimate of ft. In particular, estimates of ft of 2.93, 
0.803, and 0.14 are associated with ft/ft of 0.0124, 0.225, and 1.8, 
respectively. 

Some conflicting results need to be resolved, however. For 
any given level of smoking, the relative risk estimated from the 
British physicians data (Doll and Peto, 1978) is greater than that 
estimated from the American Cancer Society’s follow-up data on 
a million Americans (Hammond, 1966) or from the multicenter 
European case-control lung cancer data (Lubin et al., 1984; Brown 
and Chu, in press). The relative risks in these latter two studies are 
consistent with one another and will here be treated as identical. 
Doll and Peto (1981) suggest that these differences in relative risk 
may be real differences, attributable in part to the different way 
cigarettes are smoked in Britain and other countries. To bring the 
British data in line with the other data, we adjusted our estimates 
of ft from the Doll and Peto data as follows. Separately, for the 
ft /ft of 0.0124 and 0.225 (both based on the British physicians 
data), we computed the value of ft that would be necessary for 
an individual smoking 25 cigarettes per day since age twenty to 
have the same lung cancer incidence at age 65 as would follow 
if ft/ft = 1.8, ft = 0.14 (based on the European case-control 
data). This gives adjusted estimates of 1.41 and 0.46 for ft, 
corresponding to values for ft/ft of 0.0124 and 0.225, respectively. 
These values are approximately half those previously estimated 
from the British physicians data. In our sensitivity analysis we 
use both the adjusted and unadjusted estimates of ft (see Remark 
9 )- 

Estimates of do are given in Table D-3. Under the assumption 
that the summary rate ratio of 1.3 is causal, estimates of d 0 vary 
about eightfold from 0.12 to 0.93 cigarettes per day. For a given 
pair of values of ft and ft/ft, the variation in d Q over the 30 
exposure histories is only about twofold. When we use the sum¬ 
mary estimate of 1.14 from the U.S. studies in lieu of the summary 
estimate of 1.3, our estimates of d 0 are diminished accordingly. 

We next compare the above estimates of d 0 , which are based 
on the epidemiologic data, with estimates based on the dosimetric 
measurements reported in Chapters 2 and 7. Estimates of do based 
on dosimetric calculations are given in Table D-4. In Table D-4 we 




table D-3 Estimated Range for cl n , the Carcinogen-Equivalent Number 
of (Actively Smoked) Cigarettes Inhaled Daily by Subjects Without a 
Smoking Spouse 


MSi: AH 

0.0124 


1.8 

0.225 


0 1: All 

2.93 

1.41 

0.14 

0.803 

0.46 

Rate ratio 

1.3" 0.12-0.93* 

(311M123)" 
1.14 0.05-0.47 

(311)-(123) 

0.12-0.27'' 
(311)-(123) 

0.24-0.57 
(311)-(123) 

0.48-0.89 

(311M423) 

0.26-0.53 
(311)-(123) 

0.46-0.93 
(311)-(123) 


"Assured causal rate ratio. 

*Range of do in cigarcttes/day over 30 exposure histories and all (/3<|//3 1 , 0\). 
"Exposure history where maximum and minimum occurred. 

"'Range of do over 30 exposure histories. 


table D-4 Estimates of d 0 
Based on Various Constituents of 
ETS in Cigarettes/Day 


Constituent 

Range 

NDMA 

0.17-3.75 

BaP 

0.0084-1.89 

RSP 

0.0001-0.005 


give an estimated range for d 0 under the assumptions that the ratio 
of the pulmonary (tissue) dose of active carcinogen in nonsmokers 
without smoking spouses to the pulmonary dose in active smokers 
is equal to the ratio of the pulmonary dose of BaP, NDMA, or 
RSP in the same populations. The estimates in Table D-4 are 
based on (1) the dosimetric measurements given in Table 2-10 and 
Chapter 7 and (2) the daily number of hours of self-reported ETS 
exposure among nonsmokers without smoking spouses (Wald and 
Ritchie, 1984; Friedman et al., 1983). Details of the calculations 
used to produce Table D-4 are given in Remark 11 of the Technical 
Discussion. The dosimetry of the biomarkers nicotine and cotinine 
is more complicated and is discussed in Remark 12. 

There is a serious problem in reconciling the estimate of d 0 
(Table D-4) based on BaP with that based on RSP, since RSP is 
often assumed to be a good surrogate for polycyclic hydrocarbons 
such as BaP. The estimate derived from the BaP measurements is 



several orders of magnitude higher. A possible, although unlikely, 
explanation is that the measurements of BaP levels in ETS (sum¬ 
marized in Table 2-10) inappropriately reflect total environmental 
BaP, which includes contributions from cooking, coal burning, and 
other sources, and that the contribution of BaP from ETS to total 
BaP is of the order of 2% or less. 

The large uncertainty in do seen in Table D-4 restricts the 
utility of these dosimetric calculations, especially given the lack of 
knowledge concerning the identity of the active carcinogens in ETS 
and mainstream smoke. In fact, the limitations of our dosimetric 
data may be even more serious than Table D-4 would lead one to 
believe. Specifically: 

• the range of values entered in Table D-4 for NDMA could 
actually be orders of magnitude too high (see step 4 of Remark 

ii)> 

• the range of values for RSP and BaP do not reflect dif¬ 
ferences between the particulate phase of ETS and that of main¬ 
stream smoke with regard to deposition sites, clearance rates, and 
particle size, 

• the range of values given for BaP in Table D-4 could be 
orders of magnitude too high if, as discussed above, the BaP entries 
in Table 2-10 represent the total environmental BaP inhaled by a 
nonsmoker, and 

• the ratio of urinary nicotine (or cotinine) in nonsmokers 
to that in active smokers may not reflect, even qualitatively, the 
ratio of the biologically effective dose of active lung carcinogen 
absorbed by nonsmokers to the dose absorbed by active smokers 
(see Remark 12). 

D-3 ESTIMATING THE NUMBER OF 
LUNG CANCER DEATHS IN NONSMOKERS 
IN 1985 ATTRIBUTABLE TO ETS 

An estimate of the total number of lung cancer deaths among 
lifelong nonsmoking women in 1985 is I 0 [t)N[t), where N(t) is 
the number of nonsmoking women at risk at age t in 1985 and 
I 0 (t) is the age-specific lung cancer death rate among nonsmoking 
women in 1985. Data on I 0 (t) are given in Garfinkel (1981) for 
1972; thus, this may be somewhat inaccurate for 1985. National 
Health Interview Survey data on N(t) were made available from 



R. Wilson of the National Center for Health Statistics. Using 
diese data, the number of lung cancer deaths was estimated to 
ae 7,000, similar to the estimate obtained by Seidman (personal 
:ommunication) using a related approach. 

The total number of lung cancer deaths among nonsmoking 
women attributable to ETS in 1985 is 

AA = ^AE(t)/ 0 (t)A(t), (H) 

t 

where AF(t) is the age-specific fraction of lung cancer deaths 
due to ETS exposure in nonsmoking women. That is, AF(t ) is 
the age-specific average excess true relative risk (i.e., the average 
relative risk minus 1) divided by the age-specific average relative 
risk. In order to estimate the age-specific average relative risk 
among nonsmoking women, we require age-specific estimates of 
the probability of being married to a smoker (i.e., the probability 
f being “exposed”) and of the true relative risk in “exposed” and 
“unexposed” subjects. We obtained age-specific estimates of the 
probability of being “exposed” from the Garfinkel et al. (1985) 
control population (Garfinkel, personal communication). 

We estimated the true relative risk in three different ways. 
First, we use the estimates derived using Method 1 in Section D-l. 
Second, we use the estimates based on Method 2 of Section D- 

1. Third, we completely ignore the epidemiologic data on passive 

smoking and estimate the true relative risk by combining estimates 
of and extrapolated from data on active smokers, and 

estimates of do based on dosimetry (Method 3). In a sensitivity 
analysis, we allow do to equal 0.01, 0.2, and 2 to crudely represent 
(approximate) exposures to RSP, BaP, and NDMA, respectively 
(see Table D-4). The estimates of the attributable number based 
on Methods 1 and 2 are valid whenever the assumptions justifying 
those methods hold. For a given choice of do, the estimates of the 
attributable number based on the third method are valid when 
the first assumption under Method 2 holds and the choice of do is 
correct (see Remark 13). 

Using the relative risk estimates based on Method 1, we ob¬ 
tained an attributable number of 2,010. 

In Table D-5, estimated ranges for the attributable number 
are reported. AN(EP) represents the estimates based on Method 

2. AiV(0.01), AN(0.2), and AN( 2) represent estimates based on 
the dosimetry estimates of 0.01, 0.2, and 2. (Since the estimate 


PilPi (and not on P 1 '* the estimate ot AN{EP) also depends 
only on Pi/Pi-) Estimates of the attributable number of lung 
cancer deaths based on Method 2 lie between 1,768 and 3,220. 
(These estimates are approximately halved when the summary 
rate ratio of 1.14, from the U.S. studies is used in place of the 
overall summary rate ratio of 1.3.) If the true value of d 0 were 0.01 
cigarettes per day, then 259 lung cancer deaths in nonsmoking 
women would be attributable to ETS. On the other hand, the 
maximum estimate of the attributable number based on Method 
3 with do — 0.2 (3,170 deaths) is in agreement with that based on 
Method 2 (3,220 deaths). The minimum estimates, however, differ 
by approximately threefold. 

The calculation of the number of lung cancers attributable to 
ETS in 1985 in nonsmoking males is similar. Garfinkel (1981) and 
Wilson (personal communication), respectively, give data on Io(t) 
and N(t) for nonsmoking males. Since estimates of I 0 (t) in males 
and females are nearly equal and the estimates for females are 
more stable (Garfinkel, 1981), we use the same estimates of Io(t) 
for males as for females. Using these data, the estimated number 
of lung cancers which occurred in lifelong nonsmoking males in 
1985 is 5200. For males, the fraction “exposed” is taken to be 14% 
(based on the control series from the Correa et al. (1983) study 
of males). Using relative risk estimates based on Method 1, it is 
estimated that 820 of the 5,200 lung cancer deaths are attributable 
to ETS. Estimates of the attributable number in males based on 
Methods 2 and 3 are given in Table D-5. Overall, the results for 
men are similar to those for women. 


D-4 LIFETIME RISK OF DEATH FROM 
LUNG CANCER ATTRIBUTABLE TO ETS 

Among Lifelong Nonsmokers 

Permissible exposure limits to environmental agents are of¬ 
ten set at levels low enough to reduce the lifetime risk of death 
attributable to the agent to 1 in 10 6 or 10 6 . For purposes of com¬ 
parison with other environmental and occupational standards, we 
have attempted to estimate the fractions of all deaths among 
nonsmoking men and women who survive past age 45 that are 


itfcributable to ETS-induced lung cancer. (This fraction is pre¬ 
cisely the lifetime risk of lung cancer attributable to ETS exposure 
imong persons surviving to age 45.) Since the risk of lung cancer 
s nearly 0 before age 45, we have chosen to condition this estimate 
>n survival until that age. (Although years of life lost due to ETS 
sxposure would be more preferable as a public health measure 
than the attributable fraction of deaths, we restrict our analysis 
.o this latter measure in order to help determine whether, for 
■egulatory purposes, ETS is being treated differently than other 
invironmental exposures.) Because environmental regulations are 
generally set with the intention of protecting all (or at least almost 
ill) individuals, we chose to estimate the attributable fraction for 
i representative subject with ETS exposure history of 2do for ages 
)-18 and Ad 0 for ages greater than 18. Based on data from Wald 
md Ritchie (1984) and Jarvis et al. (1984), this exposure history 
:epresents an exposure to ETS that is slightly greater than the 
iverage exposure of a nonsmoker exposed as a child to a smoking 
mother and as an adult to a smoking spouse. We label this expo¬ 
sure history as M , since it represents a moderately high lifetime 
jxposure to ETS. 

The fraction of all deaths subsequent to age t 0 (in our case age 
15) attributable to exposure-induced lung cancer is, by definition, 


AF(M) = y; 'TEXCESsO^Mto), 

t>t 0 

where ^excess (t) is the excess lung cancer death rate at age t 
due to exposure history M and 5(f(i 0 ) is the overall probability 
of surviving to age t, given one has survived to t 0 . Given that 
the assumptions of Method 2 hold, we can obtain an estimate of 
AF(M ) for each value of $ 4 / f) x and each of the 30 exposure histo¬ 
ries for the “exposed” and “unexposed” study subjects, provided 
we have data on the age-specific lung cancer rates in nonsmoking 
women, 7 0 (t), and data on the all-cause age-specific mortality rates 
among nonsmoking women (which we estimated from data given 
n Hammond (1966) (see Remark 14). 

The maximum and minimum of the AF(M) across all expo¬ 
sure histories for each P^/Pi are given in Table D-6 in the “never- 
smoked” rows for males and females. AF(M) is estimated to be 
etween 390 and 990 in 100,000. A similar calculation, using the 



oo r<\ in 
CO y Y 
O' ^ A 

a a s a 
SsS3 


2IJ 


■A a 

'P TT 


O' ~ ^ 

^ -H Tf -H 

O ^ g ^ 


«a = a 


• —< O ~H 
i N O' ■*< 

i Y «° Y 

i a i a 

TT g TT 

* w O' 


5 a 5 a 

SsSs 


H s s 


m — —i 

"?Y?Y 

a n 2 n 

2; in " (s 

ft s° s 


ro 

O' (N 

i/) *— 

IS 


uO 

© -* 

•V X t I 

W CO 

gN^H 

S s 


00 »—< © ^* 
cr- -h o h 
—< cn o — 

o y| Y 
2; r? x 
S a § s 
SiSSl 


00 
r- 
r- 
'O 

& a ~a 

; tt 22 ar 

- <• co w- 


co 

T-H © 

(N 00 

V 


O' 


Tf -* © »-H 

t-» <N O' ^ 

-< Y 00 T 

2 a i a 

s? s 3 s 


oo * n 

t-» -* © 
N (N CO 

y t 
s 

r- C: o 

n 3 m 


co 

(N 

rr 


^ w - 
* 


* ^ 


CO CO 
© **h rH 

CO «— © «— 

iYgY 

»3o« 

Sg*g 


£) 

s; * 
a 


<0. tO 

.. 

— (N 

5 o 

O il 

i/i — 

6 CQ. 


£6 

i 

W1 

C 

O 

c 


W Ifl _ 
§ '£ § 


CT Q 


(/i X 
o C3 

a* g 

X G 

<u -a 

© c 

co ca 


O o > D 
o >- ® E 
e _q u "5 
*£"- 


s: o 

y & 
c 

< M 

-q; OS 


g S 

« <u 
(j u 
o 
•* 

ji 

O 2 

53 
■8 g 

0) 1/5 

OX) o 

s a 
« x 
OS W 


table D-6 Range of Estimated Lung Cancer Deaths Attributable 
to Breathing Other People’s Cigarette Smoke per 10,000 Deaths 
(All Causes) 




Smoking 

Status" 

/ViS,: All 

0.0124 


1.8 

0.225 


Rale 

Sex 

> 

2.93 

1.41 

0.14 

0.803 

0.46 

1.3* 

M 

N 

39-99 

48-99 

45-95'' 

48-99 

45-95 

39-77 



Ex 

52-197 

62-126 

74-149 

52-106 

100-197 

62-115 



c 

58-307 1 ' 

78-157 

107-209 

58-117 

159-307 

86-158 


F 

N 

40-99 

49-99 

45-96 

49-99 

45-96 

40-78 



Ex 

54-203 

64-130 

77-154 

54-110 

103-203 

64-120 



C 

62-331 

84-169 

115-225 

62-125 

171-331 

92-170 

1.14 

M 

N 

19-49 








Ex 

26-99 








C 

29-159 







F 

N 

21-52 








Ex 

29-109 








c 

33-182 







"Smoking Status: N = never; Ex = smoked 1 pack per day, age 18-45; C = continuii 
smoker, 1 pack per day from age 18. 

^Assumed causal rate ratio. 

‘Range over 30 exposure histories, 5 values of (/Sj, /3 4 /fl|). 

‘'Range over 30 exposure histories. 

NOTE; All maxima were associated with exposure history (423); all minima with histor; 
(311). 


summary risk of 1.14 from the U.S. studies (instead of 1.3), halve 
our estimates for AF(M). 


Among Current and Exsmokers 

We now estimate AF(M ) for t 0 = 45 for current and exsmolt 
ers of 20 cigarettes per day. To clarify the approach, conside 
a female exsmoker (or continuing smoker) who was exposed t 
exposure history M of ETS from other people’s cigarette smoke 
(The subject’s total ETS exposure is even greater, since it consist 
of contributions from her own cigarette smoke, as well.) The 
Texcess (t) necessary for the calculation of AF(M) is the diffe: 
ence between the lung cancer mortality rate at age t , given he 
total smoke exposure, and her lung cancer mortality rate at age i 
had she had the same active smoking history without exposure t 
other people’s cigarette smoke. We require the same assumption 
and information to estimate AF(M) for exsmokers and continuin 





smokers as we did for nonsmokers, plus an estimate of fa. Esti¬ 
mates of 5(t|< 0 ) are obtained as before, except the exsmoker and 
continuing smoker all-cause mortality rates given in Hammond 
(1966) are used (see Remark 15). 

In Table D-6 the maximum and minimum of AF(M) for each 
of five combinations of (fa and all 30 exposure histories for 

the “exposed” and “unexposed” are given for continuing smokers 
and exsmokers of 20 cigarettes per day starting at age 18 and, 
in the case of exsmokers, stopping at age 45. For exsmokers, the 
estimate lies between 520 and 2,030 per 100,000. For continuing 
smokers, it lies between 580 and 3,310 per 100,000. A similar 
calculation, using the summary rate ratio of 1.14 from the U.S. 
studies, halves our estimates. 

DISCUSSION 

Exercises in quantitative risk assessment serve several useful 
purposes. First, public health decisions must often be made with¬ 
out certainty as to the magnitude of the likely health benefits that 
would result from implementing the various policy options. Quan¬ 
titative risk assessment can aid in the decision-making process by 
quantifying this uncertainty. Second, difficulties encountered in 
providing precise estimates in quantitative risk assessment high¬ 
light areas where scientific knowledge is inadequate. Thus, exer¬ 
cises in risk assessment can serve to help focus future research. 

All quantitative assessments of risk rely on assumptions. In¬ 
terval estimates of quantitative risk are reliable only insofar as (1) 
the assumptions under which they were derived are valid and (2) 
the range of parameter values used in the estimation process in¬ 
cludes the true value. It follows that no quantitative risk estimates 
can be guaranteed to be reliable. Nonetheless, some risk estimates 
are more (or less) reliable than others. 

With regard to point (2) above, it should be noted that, in 
performing the risk assessment presented here, a sensitivity analy¬ 
sis was performed only over those parameters for which there were 
either inadequate empirical estimates (e.g., the lifetime ETS ex¬ 
posure history of “exposed” and “unexposed” subjects) or grossly 
inconsistent estimates (e.g., the estimates of fa/Pi). Thus, the 
analyses did not account for other sources of uncertainty, such as 
statistical uncertainty, in estimates of other parameters. If they 
had, the width of the interval risk estimates may have increased 


severalfold. Generally, the more parameters that are varied in a 
sensitivity analysis, the more information that analysis provides; 
nonetheless, for simplicity, we chose to vary only those param¬ 
eters with inadequate or inconsistent estimates. It is inevitable 
that some readers, often with good justification, will feel that we 
should have used different values for the parameters we treated as 
fixed or different ranges for the parameters we varied. (Computer 
programs are available from Dr. Robins.) 

In our risk assessment, the most important assumption was 
that the observed summary rate ratio of 1.3 was causal. If this 
assumption is correct (below we discuss the possibility that it is 
not), we believe that the estimate of the lifetime risk of lung cancer 
among lifelong nonsmokers attributable to moderate ETS expo¬ 
sure \AF(M)] will be accurate to within a factor of 2 to 6. This 
belief depends on the fact that if the rate ratio of 1.3 is causal, we 
are not extrapolating outside the range of the data (for example, 
from high to low dose) in estimating AF(M). (Even though our re¬ 
ported uncertainty in estimating AF(M) in never-smokers (Table 
D-6) is only twofold, nonetheless, as discussed above, our esti¬ 
mate of overall uncertainty would likely be larger; we have guessed 
twofold to sixfold). For any reasonably flexible model, such as 
the multistage model, the data (when ample) will drive the risk 
estimates provided one does not extrapolate outside the range of 
the data. For instance, even though our estimates of used in 
the sensitivity analysis differed by 150-fold, the overall variation 
in the lifetime risk of lung cancer due to ETS in nonsmokers varied 
only twofold (Table D-6). In contrast, in estimating the lifetime 
risk of lung cancer due to ETS in exsmokers we were forced to 
extrapolate outside the range of the data. To do this we used sta¬ 
tistical models. We found an uncertainty factor of about fourfold 
(Table D-6) because of the sensitivity of this extrapolation to the 
particular coefficients assumed for the multistage model. But even 
this range of four underestimates the true uncertainty, because we 
have little assurance that it is appropriate to use the multistage 
model to extrapolate. 

Given that we can know the lifetime risk of ETS-caused lung 
cancer in nonsmokers within a factor of 2 to 6, is this degree of 
accuracy sufficient for our purposes? Obviously, it depends on 
the purpose. If there were a regulatory process through which we 
wished to ensure that the lifetime risk of lung cancer attributable 
to ETS among nonsmokers would be no greater than 1 in 100,000 



(or even 1 in 1,000), by limiting, if necessary, exposure to envi¬ 
ronmental tobacco smoke, our risk analysis would appear to be 
sufficient to drive that process. This is true because, even if the 
lower estimate of risk of 390 per 100,000 were reduced by factor of 
2 or 3 (to take into account additional sources of uncertainty), it 
would still greatly exceed 1 per 100,000. 

In this appendix, we confined our risk estimates to those aris¬ 
ing under the assumptions that the causal summary rate ratio 
from the various epidemiologic studies was either 1.3 or 1.14 (the 
summary rate ratio from the U.S. studies). In Chapter 12 it was 
concluded that, considering the evidence as a whole, exposure to 
ETS increases the rate of lung cancer among nonsmokers. Further¬ 
more, it was concluded that our best overall estimate of the causal 
summary rate ratio from the 13 studies was about 1.3. In light 
of this conclusion about causation, for purposes of making public 
health decisions for the United States, it would seem prudent to 
operate under the assumption that the true summary rate ratio 
was most likely 1.3 and at least 1.14 (even though values less than 
1.14 cannot be excluded). We therefore did not prepare estimates 
for values less than 1.14. 

We also did not make risk estimates under the assumption 
that the causal summary rate ratio was greater than 1.3, largely 
because the estimated lifetime risk of lung cancer at this rate ratio 
of 1.3 was sufficiently large that it did not seem important to 
quantify how large the lifetime risk might be if the true causal rate 
ratio were 1.48 (the 95% upper confidence limit for the summary 
rate ratio of 1.3). Finally, it would have been helpful to be able to 
compare estimates of risk derived from the 13 epidemiologic studies 
of nonsmokers exposed to ETS with independent estimates based 
on dosimetric measurements made in active and passive smokers. 
Unfortunately, as discussed in Section D-2, uncertainties in the 
identity and dose of the active carcinogens in ETS and mainstream 
smoke effectively preclude this possibility at this time. 

TECHNICAL DISCUSSIONS 
Estimation of the True Relative Risk 

Method 1 

The assumptions presented in Section D-l above are replaced 
by more formal assumptions: 


Assumption la We assume that, in the “low-dose” range repre¬ 
sented by ETS exposure, the increment in the mortality rate at 
age t due to an increment of ETS exposure experienced at age u 
(u < t) is uninfluenced by any other increment of ETS exposure 
(whether received at time u or at any other time u'). 

The mathematical formulation of Assumption la is 


7 (<|{d(«);u< t}) =' 7 0 (t)[l + /?(i) f f(t,u)d(u)du], (D-l) 

Jo 

where 70 (t) is the mortality rate at t in the absence of exposure to 
ETS, d(u) is the dose at age u of the active carcinogen in ETS, 
'•y(t|{d(u); u < t}) is the mortality rate at t given a history of expo¬ 
sure to ETS represented by the curve (d(u);u < t},f* f(t,u)d(u)du 
may be interpreted as a weighted average of an individual’s past 
exposure, and /?(i) is an age-specific measure of the magnitude (on 
a ratio scale) of the ETS effect. (For example, if there were a 
5-year biologic latency period, f(t, u) = 0 for t ~ u < 5). 

Remark 1 In the above description of Equation D-l, we have 
implicitly assumed that J^/(t, u)du = 1 so that f* f(t,u)d(u)du is 
a weighted average and /3(t )\is an effect measure. In fact, the 
restriction 

f f{tfu)du — 1 (D-2) 

Jo 

is not in general necessary for Equation D-l to be meaningful, al¬ 
though some restriction is necessary to identify /?(t). Nonetheless, 
Equation D-l can always be “reparameterized” so that Equation 
D-2 holds. If, in Equation D-l, p{t) = f} independent of f, we say 
that we have a linear excess relative risk model. If in Equation D- 
1 , P(t)io[t) = /?', independent of t , we have a linear excess absolute 
risk model. If there exists a function f(t, u) for which Equation D-l 
is a linear excess relative (or absolute) risk model, then Equation 
D-l generally cannot be “reparameterized” so that simultaneously 
Equation D-2 holds and j3(t) = f} or P{t)^o{t) = /?'. 

Remark 2 By extending the argument given by Crump et al. 
(1976), one can show that sufficient (but not necessary) conditions 
for Assumption la to hold are (1) the dose of ETS to passive 
smokers at any time it has a very small influence on risk at t and 
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mechanism as ETS. Since the true relative risk associated with 
passive smoking exceeds 1.3, Crump et al.’s argument may not 
be relevant. In Remark 18, we empirically assess the validity of 
Assumption la under the further assumption that cigarette smoke 
affects two stages of a five-stage multistage cancer process. 

Consider now the subset of the source population of an epi¬ 
demiologic study that includes “exposed” individuals at risk at 
age t. Clearly, the exposure at any time u, u <t, to ETS, say d(u), 
will vary among persons in this subset. Let de(u|t) be the average 
pulmonary dose at age u among “exposed” individuals at risk at 
age t. 

In a follow-up study in which the data collected includes age, 
cause of death, and “exposure” status, we can empirically esti¬ 
mate the age-specific (average) mortality rate among “exposed” 
individuals, '■y(*|£'), and unexposed individuals, q(t|.E). Further¬ 
more, it follows from the linearity of Equation D-l that 

r* (D-3) 

-l + f)(t) / f(t, u)d B (u|t)du, 

Jo 

where is the true relative risk (i.e., the ratio of the mortal¬ 

ity rate among “exposed” individuals to that of truly unexposed 
individuals). Unfortunately, we cannot estimate io(t) [and thus 
RR(t\E)] without further assumptions. Similarly, we are unable 
to estimate RR(t\E), the true relative risk due to ETS in “unex¬ 
posed” individuals. (Remember, “unexposed” individuals are truly 
exposed.) But, in the absence of bias, from either prospective or 
case-control data we can empirically estimate 


7(*|g) = l + m/o/(t,u)d B (ult)du = RRjtjE) fD _ 4 v 

l{t\E) 1 + P(t)f! j f(t ) u)d B (u\t)du RR{t\E)' K 

(In a case-control study the left side of Equation D-4 is the age- 
specific odds ratio comparing “exposed” to “unexposed” individ¬ 
uals.) 

Assumption lb 


dje(u|t) 

d B (u|t) 


= c(u|i) = c(t), 


(D-5) 



where c(t) ia a known constant independent of u. Note c(u|i) is a 
ratio of the average exposure at age u of “exposed” subjects at risk 
at age t to that of “unexposed” subjects at risk at t. Our main 
result is: 

Lemma 1: If Assumptions la and lb hold then RR[t\E) = 1 + c(t)x 
and = 1 + 2 where 


x = 


xdL®! 

'lit B) 


-1 


c(t) - 


't(HE) • 


Proof: Let p(t) f(t,u)d B {u\t)du = RR(t\E) - 1 ~ x. Then 
RR(t\E) = 1 + c(t)x and RR[t\E) = 1 + x. Thus, substituting in 
Equation D-4, 


implies: 


_ 1+- c(t)s 
7(*|1S) 1 +- a: 


x 


i(tS) 


- 1 


c{t) - 


2SH' 


(D-6) 


Example: Suppose c(70) = 3 and 7(70|F)/7(70|.£') = 1.3, then x — 
0.18,55(70|.E) = 1.18,55(70|S) = 1.54. 

We now show that, under Assumption la, if c(u|t) < 3 for all 
u, the previous estimates of RR(t\E) and RR(t\E) must, in fact, be 
underestimates (although the magnitude of the underestimation 
cannot itself be assessed without further assumptions such as those 
given under Method 2). First note that even when Equation D- 
5 is false, it is still true that, under Assumption la, with x — 
RR(t\E) — 1, Equation D-6 holds provided c(t) is replaced by c*(t), 
where 


= /o f{t,u)d E (u)du 
Jo f{t,u)d B {u)du 

[Note thatc*(i) > qr(i] jE7)/ 7 (C| j ©).] Furthermore, is still 1+x 

(by definition) and 55(i|2?) = H-c*(£)a. 

Now it is straightforward to check that RR(t\E) and 55(t|F) 
are decreasing functions of c*(f) reaching respective minima of 
1 and ^{t\E)f^{t\E) when c*(t) —* 00 and maxima of 00 when 



condition of maximum misclassification between “exposed” and 
“unexposed” groups in terms of exposure to ETS. On the other 
hand, when c*(t) = oo no “unexposed” individual is exposed to 
ETS. 

Furthermore, it is easy to check that if 


di 3 (u|70)/dg(ti|70) = c(u|70) < 3 (D-7) 

for all u < 70, then c*(t) <3. It follows that in our previous 
example, RR{t\E) = 1.18 and RR{t\E) — 1.54 would, in general, be 
underestimates of the true RR{t\E) and RR(t\E) if Equation D-7 
holds. 

Remark S Note that the investigators of the 13 epidemiologic 
studies analyze their results as if their observed rate ratios were 
not dependent on age, as evidenced by the fact that none of the 
authors reported age-specific rate ratios. But if the rate ratio 
varies with age, then the observed rate ratio reported in each 
study will be a weighted average of varying age-specific rate ratios. 
Since Garfinkel et al. (1985) found the median age of lung cancer 
in nonsmoking women in his population was approximately 70 
(Garfinkel, personal communication), we would expect that this 
weighted average approximates the rate ratio at 70. This implies 
that the second assumption under Method 2 in section D-l is 
probably close to correct. To be precise, if, in a case-control 
study, one-to-one matching on age is employed and a matched 
pair analysis is performed, the matched pair odds ratio estimator 
will estimate the following weighted average of the age-specific 
rate ratios, 7 (t|£’)/q(t|£'). The large sample expected value of the 
odds ratio estimator (OJi) is E[OR] — J[ 7 (t|E)/ 7 (t|E)]/(t)dt where 


/(*) = 


f h(t>)f D (t>)dt>' 


hlt) = _ p{E\t)p{E\t) _ 

U [ 7 (t|^)/ 7 (^)!p(^)+p(E|t)’ 

/o(t) is the fraction of all lung cancers in nonsmoking women that 
occur at age t, and p{E)t) is the fraction of nonsmokers in the study 
source population of age t who are “unexposed.” 

Remark 4 We now examine the conditions under which Assump¬ 
tion lb holds with c(70) = 3. We conclude from the following 


examination that it is unlikely that Assumption lb is true, ev< 
as an approximation. 

Wald and Ritchie (1984) estimate that, in 1982 in Englan 
the urinary cotinine concentration of an average nonsmoking m: 
with a smoking spouse is 3 times that of the average nonsmoki: 
male without a smoking spouse. Urinary nicotine data from Jan 
et al. (1984) and interview data from Friedman et al. (1983) sugge 
that similar results would be obtained in women. Given the 
observations, the following six conditions must, in general, be m 
in order for Assumption lb to hold with c(70) = 3. 

Condition 1 The ratio of 3 also applies to exposure to the bioloj 
cally relevant carcinogen or carcinogens in ETS. 

Condition 1 is likely to hold, at least in our approximate sen: 
in the United States and England. [Olav Axelson has point 
out a situation in which it would not hold. Suppose that t 
carcinogenic effect of ETS is largely due to the adsorption 
environmental radon onto ETS particles. Then, home exposu 
to ETS would be of greater importance if, in general, only hor 
ventilation rates are low enough to allow significant accumulate 
of environmental radon onto ETS particles. Friedman et al. (Tal 
6, 1983) showed that the number of hours currently-“exposei 
women axe exposed to ETS at home is 12.7 times the numb 
of hours that currently-“unexposed” individuals are exposed 
home. On the other hand, the total number of hours of E r 
exposure in currently-“exposed” women is only 3 times that 
currently-“unexposed” individuals. Thus, if radon uptake rath 
than urinary cotinine had been measured, Wald and Ritchie m 
have found a ratio nearer 12 than 3.] 

On the other hand, in Japan and Greece the ratio of urina 
cotinine in nonsmoking women with a smoking spouse to that 
nonsmoking women without a smoking spouse probably excee 
the value of 3 measured by Wald and Ritchie (1984) in Englar 
since women in those countries are likely to spend less time 
contact with cigarette smokers outside the home. It follows tb 
one might expect the observed rate ratio in the Hirayama (19f 
and Trichopoulos et al. (1983) studies in Japan and Greece, 
spectively, to exceed that found in studies in the United Stat 
Table 12-4 bears out this expectation. Thus, we might want 
exclude Hirayama’s and Trichopoulos et al.’s studies in calcul 
ing the overall summary rate ratio. We have seen that the U 


studies have an overall summary relative risk of 1.14. Assuming 
Assumption lb with c(70) = 3 holds for the United States, we 
would estimate the true relative risk in “exposed” and “unex¬ 
posed” study subjects in the United States to be 1.225 and 1.075. 
Nonetheless, since 1.225 is less than the observed rate ratios of 
1.45 and 2.01 in the Hirayama and Trichopoulos et al. studies, we 
must also assume that the ETS exposure of nonsmoking women 
with smoking spouses in Japan and Greece exceeds that in the 
United States (if we ignore sampling variability and other sources 
of bias and interaction). Matsukuraet al.’s (1984) data on urinary 
cotinine suggests this may be the case for spouse-exposed Japanese 
nonsmokers. 

Because 10 of the 13 epidemiologic studies were case-control 
studies, we concentrate on case-control studies in the following. 
(Most of our remarks would have to be only slightly modified 
in order to apply to prospective studies such as Garfinkel (1981) 
and Hirayama (1981), in which the follow-up is only 10 to 15 
years.) To characterize further conditions sufficient to imply 
that c(70) = 3, we shall need to be more precise in our def¬ 
inition of “exposed” and “unexposed” subjects. We define an 
ever-“exposed” (never-“exposed”) subject to be a nonsmoker who, 
when queried in a case-control study in approximately 1982, an¬ 
swered “yes” (“no”) to the question “Did you ever live with a 
smoking spouse?” We define a currently-“exposed” (currently- 
“unexposed”) subject to be a nonsmoker who, in an epidemiologic 
study in 1982, answered “yes” (“no”) to the question “Do you 
currently live with a smoking spouse?” Some of the case-control 
studies compared ever-“exposed” and never-“exposed” individu¬ 
als (for example, Garfinkel et al., 1985). Approximately half of 
Garfinkel’s ever-“exposed” subjects were currently-“unexposed,” 
with the median time since their spouse stopped smoking of 15 
years (Garfinkel, personal communication). Other studies com¬ 
pared currently-“exposed” subjects to never-“exposed” subjects. 

Condition S Wald and Ritchie’s (1984) ratio of 3 is independent of 
age and thus applicable to 70-year-olds. Sufficient urinary cotinine 
measurements have not been made on 70-year-olds to provide 
empirical evidence as to whether this condition holds. 

Condition S Nearly all 70-year-old currently-“exposed” individuals 
married smokers at about age 20 in approximately 1932. This is 



probably a reasonable approximation, assuming little divorce and 
remarriage in this population. 

Condition 4 If the study compares ever-“exposed” to never- 
“exposed” subjects, the magnitude of the ETS exposure in th< 
years preceeding the study date of ever-“exposed” individuals whc 
are currently-“unexposed” (because their spouses either died oi 
quit smoking on average 15 years ago) is the same as that o' 
currently-“exposed” individuals. For this latter condition to hole 
(even as an approximation), it is necessary either that only a smal 
proportion of the total ETS exposure in currently-“exposed” in 
dividuals is directly from their spouses or that, when the smoking 
spouse of a nonsmoker either dies or quits smoking, the amounl 
of time the nonsmoker spends with other smokers increases. Oui 
guess, based on Table 6 of Friedman et al. (1983), is that the ET£ 
exposure of an average ever-“exposed” female diminishes by a hal 
or more when her husband either dies or quits. Thus, it is unlikelj 
that Condition 4 holds. 

Condition 5 The ratio of 3 applies to the ETS exposure of “ex 
posed” and “unexposed” subjects even during childhood. It seem: 
unlikely that children who grew up to marry smoking spouse: 
would have 3 times the ETS exposure in childhood as childrei 
who grew up to marry nonsmoking spouses, although in Remar] 
7 we consider empirical evidence which suggests it is conceivabli 
that Condition 5 might approximately hold. 

Condition 6 Wald and Ritchie (1984) would have found the sam 
ratio of 3 if their study had been performed in any year fron 
1932 to 1982. Even in those case-control studies that compare< 
currently-“exposed” subjects to never-“exposed” subjects, Condi 
tion 6 may well be false. For example, in the 1930s and 1940s 
nonsmoking women study subjects (who were then 20 to 30 year 
old) were presumably less often in contact with smokers outsidi 
the home. This would suggest that in the 1930s and 1940s the ra 
tio of ETS exposure in nonsmoking women with smoking spouse 
compared to nonsmoking women without smoking spouses wa 
closer to 12 than to 3 (provided the results of Friedman et al 
(1983) mentioned in the discussion under Condition 1 can be ex 
trapolated to the 1930s). 

Remark 5: Estimates of p^/pi We used three different estimate 
for Pa/ pi in our sensitivity analysis. All were obtained from dat 


on active smokers. To obtain the first, we fit by the method 
of maximum likelihood a five-stage multistage model, with the 
first and fourth stages affected, to the data on continuing smokers 
given in Doll and Peto (1978) (excluding, as did Doll and Peto, the 
subgroup who smoked more than 40 cigarettes per day). This gave 
fit/pi = 0.0124 (and pi — 2.93) . To be precise, we fit, as did Doll and 
Peto, the data enclosed in rectangles in their Tables 2 and 3. We 
used the mean number of cigarettes for each “cigarette-per-day” 
group given in their Table 2 and assumed, for each “cigarette- 
per-day” group, a variance that was half the maximum possible 
variance. We then fit the data in three different ways. First, we 
used the reported actual mean age of onset of cigarette smoking 
(19.2 years) as date of onset and the means of the age groups 
defining the rows in Tables 2 and 3 as the age of the event. 
Secondly, we used age 22.5 years as date of onset. Thirdly, we used 
age 19.2 years as date of onset, but subtracted 3.3 years from the 
means of the age groups defining the age of the event. The first 
and third methods both gave essentially the estimates reported 
above, while the second method gave pi/pi = 0.014, pi = 3.42. 
The estimates based on the second method are not used in this 
appendix. 

For our second estimate we used an estimate of pi /Pi = 1.8, 
given by Brown and Chu (in press), based on fitting this same mul¬ 
tistage model to data from a large European case-control study. 
Brown and Chu found that P 4 /P 1 — 1.8 (and Pi — 0.14) for individ¬ 
uals who smoked 21-30 cigarettes per day (see Table 3 of Brown 
and Chu). (Brown and Chu find a ratio of 4 for Pa/ pi for smokers 
of 1-10 cigarettes per day. We did not use this estimate due to its 
presumed lack of stability.) Note that the ratio of 1.8 found by 
Brown and Chu was 150 times that of Doll and Peto. The low 
Pi/Pi ratio in the Doll and Peto continuing smoker data does not 
appear to adequately account for the rapid decline in risk associ- 
• ated with cessation of cigarette smoking as given in Doll and Peto 
(1976). This implied that the estimate of 0.0124 was probably too 
low. Furthermore, the estimate of Pi/Pi from the Doll and Peto 
continuing-smoker data was quite imprecise, since the correlation 
between the estimates of pi and pi was —0.93. Based on these con¬ 
siderations, we computed a revised estimate of Pi/Pi from the Doll 
and Peto continuing-smoker data by finding the maximum value of 
Pi/Pi associated with a point on the 2 log likelihood surface that 
lay 3.87 (chi-squared units) below the value of the 2 log likelihood 



surface at its maximum above. At this point, the ratio of /? 4 //3] 
had increased 20-fold to 0.225 (and pi = 0.803). In our sensitivity 
analysis, therefore, we used ratios of /3 4 //?i equal to 0.0124, 0.225 
and 1 . 8 . 

(One might believe that if the estimate of /? 4 /0i, which one 
would hope to be a biological constant, can differ by 150-fold across 
data sets, Method 2 is useless. We actually are not so skeptical 
If the sensitivity analysis shows that such large differences ir 
estimates of /? 4 //h have little influence on our estimate of the 
true relative risk in “exposed” and “unexposed” study subjects 
this will indicate a high degree of robustness (insensitivity) to the 
actual model for lung cancer risk. Therefore, our confidence in the 
estimates of the true relative risk may therefore be enhanced. Ai 
we shall see, we do indeed find such robustness.) 

Remark 6: Reading the Exposure Histories from Table D-l Eacl 
of our exposure histories can be represented by a vector (a, b, c) 
where the value of a characterizes five possible population-exposun 
histories from age 0-20 (a = 1 ,..., 5), b characterizes two possible ex 
posure histories from age 20-55 (i = 1,2) and c characterizes threi 
possible exposure histories from ages 55-70 (c = 1,2,3). Since wi 
can select any of five exposure histories between ages 0 and 20 
any of two between ages 20 and 55 and any of three between 5! 
and 70, we have 5 x 3 x 2 = 30 exposure histories. Each value of 
gives an exposure history for “exposed” and “unexposed” subject 
between the ages of 55 and 70. The population-exposure histor; 
between ages 55 and 70 represented by a particular value of c i 
described by the (up to) six values entered in Table D-l. As an ex 
ample of how to read Table D-l, consider the case c = 3. Readin; 
Table D-l, we see that p cE = 0.5, f icB = 3 d 0 , f 2cB = 7d 0 ,p cB = l.C 
ficB = Ido, and f 2cl 5 is undefined. By definition, p cE gives the frac 
tion of “exposed” individuals exposed at rate f\ cE between ages 5 
and 70. 1 - p cE is the fraction of “exposed” individuals exposed a 
rate f 2cB . Therefore, 50% of “exposed” individuals receive a dos 
of ETS of 3do from 55 to 70 and 50% receive ldo- Similarly, 100 / 
of “unexposed” individuals receive a dose of ldo between ages 5 
and 70. (Therefore, / 2c£ need not be defined.) 

Remark 7: Choice of SO Exposure Histories In choosing the ex 
posure histories, we rely heavily on data from the control series i: 
Gaxfinkel et al. (1985), because similar detailed information is no 
available for any other study. We made the following assumptions 


1. All study subjects were age 70 at the time of the study. 
(In the Garfinkel et al. study (1985), the average age of cases 
and controls was approximately 70.) The choice of 55 as the 
upper age cutoff reflects the fact that among controls in Garfinkel 
et al. who were ever-“exposed” but not currently-“exposed,” the 
median time since their smoking spouses either died or quit was 
roughly 15 years. Thus, we chose 70 - 15 = 55 as the age at 
which ever-“exposed” individuals who are currently-“unexposed” 
ceased to be exposed to their spouses’ cigarette smoke. The choice 
c — 2 represents our best guess as to the actual ETS exposure 
in the Garfinkel et al. study population between ages 55 and 70. 
The choice c = 3 assumes the ever-“exposed” subjects who are 
currently “unexposed” receive the same ETS dose, d 0 , from age 
55 to 70 as never-“exposed” subjects. Note that c = 1 represents a 
study in which all exposed individuals are currently-“exposed.” 

2. For exposure histories between ages 20 and 55, we assume 
that all subjects were married at age 20. h — 1 represents a 
population in which Wald and Ritchie (1984) would have obtained 
the same urinary cotinine measurements had they performed their 
study in any year from 1932 to 1982. In contrast, 6 = 2 represents a 
situation in which from 1932 to 1967 never-“exposed” individuals 
were exposed to ETS at a rate only 15% of that of currently- 
“unexposed” individuals in 1982 and ever-“exposed” individuals 
were exposed at a rate half that of a currently-“exposed” individual 
in 1982. Thus, 6 = 2 represents an extreme example of the situation 
discussed under Condition 6 of Remark 4 with c(30|70) = 10. The 
true exposure rates between ages 20 and 55 presumably lie between 
those represented by 6 = 2 and 6=1. 

3. We next consider ETS exposures between the ages of 0 
and 20. 39% (25%) of “exposed” (“unexposed”) individuals in 
the control series in Garfinkel et al. (1985) reported that they 
were regularly exposed to ETS in their homes during childhood 
(presumably because, in the large majority of cases, at least one of 
their parents was a smoker). These controls, who are on average 
age 70, had to remember their parents’ smoking habits over more 
than 50 years. Therefore, some misclassification is unavoidable. 
As a guess, we suppose that the false negative rate for parental 
smoking was 0.3 and the false positive rate was 0.15, independent 
of “exposure” status. Define p a E to be the fraction of exposed 
controls with at least one smoking parent. Then, correcting for 
misclassification, our best estimates of p a s and p aE are 0.44 and 


0.18, respectively (since 0.7 p a s + 0.15(1 - p aE ) — 0.39 implies 
p aE = 0.44). 

For the exposure histories represented by a = 1, we used the 
uncorrected estimates 0.39 and 0.25, and otherwise used the cor¬ 
rected estimates. The uncorrected estimates were used in our 
sensitivity analysis because we do not know the true misclassifica- 
tion rates and, if false-positive and false-negative rates depend on 
“exposure” status, the true ratio of p a n/p a n ma y be less than or 
equal to 0.39/0.25. To develop estimates of / la and f 2a we proceed 
as follows. Jarvis et al. (1985) give mean salivary cotinine levels in 
children of 0.44, 1.32, 1.99, 3.39 ng/ml, depending on whether nei¬ 
ther parent smoked (269), only father smoked (96), only mother 
smoked (76), or both parents smoked (128). (The numbers in 
parentheses give the number of children in each parental smok¬ 
ing category.) Now, Jarvis et al. conjecture that an average ac¬ 
tive smoker would have a salivary cotinine level of approximately 
300 ng/ml. It follows that, as a rough approximation, the expo¬ 
sure to ETS of a child with nonsmoking parents is approximately 
0.3cf 0 since Wald and Ritchie (1984) found the urinary cotinine 
levels of currently-“unexposed” individuals were approximately 
1/200 that of an average active smoker and 0.44 X 200/300 £ 0.3. 
(This result obviously depends on unverified assumptions about 
the comparability of nicotine metabolism in adults and children.) 
Furthermore, the ratio of ETS exposure in an average child with 
a smoking parent to an average child without a smoking parent is 
[(1.32)(96) +1.99(76) + 3.39(128)/(96 + 76 + 128)]/0.44 = 5.1 (which is 
a dose of 1.53do = 5.1(0.3)cfo- Similar data from a study of Coultas 
et al. (1986) give a ratio of 3.07 rather than 5.1, under the assump¬ 
tion that the fraction of children with two smoking parents among 
children with at least one smoking parent is 128/(76 + 56 +128), as 
in the Jarvis study. These results motivated the choice of fi a and 
f 2a for a equal to 1 and 2. 

One would expect that in the 1920s children living in homes 
with no parents smoking might well have less ETS exposure than 
such children currently have (since in the 1920s fewer caretak¬ 
ers, who were almost exclusively female, smoked). On the other 
hand, among children who lived in a home with a smoking parent, 
presumably a higher percentage had only a father who smoked. 
(Data on this question was not available from the Garfinkel et al. 
(1985) control population.) Thus, the ETS exposure in the 1920s 


that, conditional on having had a smoKing parent in cnnunuuu, 
“exposed” individuals are more likely than “unexposed” individu¬ 
als to have had a mother who smoked. Furthermore, it may well 
be that “exposed” individuals without a smoking parent had, on 
average, higher exposures in childhood than “unexposed” individ¬ 
uals without a smoking parent. (Recall that a higher percentage 
of “exposed” individuals are known to report having at least one 
smoking parent.) These observations led to our choice of the ex¬ 
posure histories characterized by a = 3. The final choice, a = 5, 
reflects the ratio of 3.07 found by Coultas et al. and the possi¬ 
bility that in the 1920s, when few women smoked, this ratio was 
even less. The maximum value for the ratio of the childhood ETS 
exposure of “exposed” compared to “unexposed” subjects is 3.17 
occurring when a = 3. 

All 30 exposure histories presume that the ratio of ETS ex¬ 
posure in the 1970s and 1980s in currently-“exposed” subjects to 
that in currently-“unexposed” subjects is 3, as found by Wald 
and Ritchie. Thus, the sensitivity analysis may not be applicable 
to studies carried out in Greece and Japan, for reasons discussed 
above (although it is possible that in recent years the exposure 
of Japanese nonsmoking women outside the home has increased 
to United States’ and British levels). Thus, one might wish to 
use both 1.3 and 1.14 as the summary observed rate ratio in a 
sensitivity analysis. 

Remark 8: Estimating the True Relative Risk Under As¬ 
sumptions for Method 2 Above Consider a group of individuals 
(i.e., the “exposed” individuals or the “unexposed” individuals in 
Garfinkel et al.’s (1985) study) such that each individual i has a 
constant exposure to ETS, du y from age 0 to to, exposure d^i from 
age t 0 to t s , and exposure d$i from age t, to t. The du,d- 2 i,dsi may 
vary between individuals in the group. Then, the true relative risk 
at age t for the group compared to a completely unexposed group, 
when exposure affects the first and fourth stages of a five-stage 
multistage model, is: 


RR{t) = 1 + + iMol-Hal + ft/Mo 2 !#!?]. 
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on a ratio scale, of the exposure effect on the first and fourth stage, 
respectively), d 0 is as defined in Section D-2 and 

Hi{t) =(i 4 d 0 )- 1 [£(d Jt )i 4 + \E{d 2 ) - E{dx)}{t-t 0 ) 4 
+ {E(d 3 )-E{d 2 )]{t-t a ) 4 \ 

H 2 (t) =(i 4 d 0 )- 1 [£(d 3 )t 4 + [E(d a ) - E{d 3 )\t 4 
+ [^(rfj.) - E(d 2 )]t 0 *} 

H 12 (t) =(t 4 d 0 2 )“ 1 {[-®(di)] 2 to 4 (l + m 2 {dx)) 

+ £?(di)S(£i 2 )[l + p(di, d 2 )m(di)m(d 2 )](t, 4 - f 0 4 - (t, ~ f 0 ) 4 ) 
+ i£(d 2 )] 2 (t,-t 0 ) 4 [l + m 2 (d 2 )] 

+ ^(<ia)^(<i 3 )[l + p(d lt d 3 )m(dx)m(d 3 )][t 4 -t, 4 - ( t-t 0 ) 4 

+ {t, — *o) 4 ] 

+ [ J &(d 3 )] 2 (t-t.) 4 [l + m 2 (d 3 )] 

+ [1 + p(d 3 , d 2 )m{d 3 )m(d 2 )}{(t - t 0 ) 4 - (t, - t 0 ) 4 
-(t-t,) 4 \E{d 2 )E[d 3 )} 

where E{di) is the average of <fi,m(c(i) = v / Var(di)/£’(<i 1 ), and 
p(di, d 2 ) is the correlation between di and d 2 . For simplicity, we 
shall assume that all correlations are 0. This will have little effect 
on our analysis. 

Now define 

F^t) = £T x (t) + (jS 4 //Ji)fr a (t) and F 12 {t) = {p i /p 1 )H 12 {t). 

Then we have: 


RR(t) = 1 + 0idoFi{t) + (Pido) 2 Fi 2 (t). (D-9) 

Now with t 0 = 20, t, = 55, and t = 70, for any given choice for fix! fix 
and for the exposure vector (a,£>,c), we can compute Fi(70),Fi 2 (70) 
for both “exposed” and “unexposed” groups. Since 1.3 is assumed 
to be the ratio of the true relative risk in “exposed” subjects to 
that in “unexposed” subjects at age 70, we have 

i o 1 + {Pido)Fi E {70) + {Pido) 2 F 12E {70) fn ml 

l+(^ 1 d 0 )i ; ’ lS (70) + (/3 1 do) 2 F 12£ (70)- ^ } 

Equation D-10 is a quadratic equation in fixd 0 . Thus, we can 
solve for fixd 0 even though we do not know /3ior d 0 separately. We 




.hen substitute this value of /Mo along with the values of Fie( 70) 
tnd Fi2e{70) into Equation D-9 to give an exposure-history-/S*//?!- 
ipecific estimate of the true relative risk at age seventy in “ex¬ 
posed” individuals. If we substitute ^^(70) and F 12 e( 70) instead, 
ve get an estimate of the true relative risk at age 70 in “unexposed” 
ndividuals. Note that if we had an independent estimate of p x , 
ve could also estimate do- Given Pi/Pi and (a, b, c) (and thus /Mo 
oy Equation D-10), our estimate of d 0 is inversely proportional to 
mr estimate of Pi. 


Estimation of do 

Remark 9: Interpretation of Pi and do Pi, when estimated from 
iata on active smokers, is the fractional increase in the rate of the 
irst cellular event per actively smoked cigarette. Since cigarettes 
differ in carcinogenic potency, neither Pi nor do are biological con¬ 
stants. Therefore, we must specify the type of cigarette to which 
ve want our estimate of Pi to refer. In this Appendix, we shall let 
0i be the functional increase in the rate of the first cellular event 
associated with one current nonfilter U.S. cigarette containing 20 
mg tar as smoked by an average U.S. citizen. In Section D-2 we 
adjusted our estimates of p i from the Doll and Peto data (1978) 
vith this definition of Pi in mind. Even after adjustment, Pi will 
still be defined in terms of the cigarettes smoked by the study 
subjects in the American Cancer Society (Hammond, 1966) and 
European case-control studies (Lubin, 1984), which, on average, 
:ontained more than 30 mg of tar (since most of the cigarette 
exposure in these studies occurred before the adoption of low-tar 
ligarettes). Thus, if we wanted to define Pi in terms of actively 
smoked unfiltered cigarettes with a tar content of 20 mg, one might 
further divide all estimates of Pi (and multiply all estimates of do) 
by a factor of 1.5 to 2, although we have not chosen to do so. One 
must still consider the possibility that the lower relative risk found 
n the European and ACS data compared to the British data is 
a consequence of the fact that there was less misclassification of 
smokers as nonsmokers among the British doctors than among the 
CS or European case-control study populations. Since, presum¬ 
ably, doctors are accurate reporters, such an assumption may not 
be unrealistic. If so, the baseline rate among nonsmokers from the 
ACS study would be falsely inflated upwards and the values of Pi 
of 2.93 and 0.803, as originally estimated for the British doctors, 


would be the more appropriate values to use. For these reasons, 
we report results for all five of the combinations of P^/fa and fii 
given in Table D-3. 

Remark 10: Adjusting for the ETS Exposure of Active Smokers 
In estimating fa and fa from active-smoker data neither we nor 
Brown and Chu (in press) took account of the fact that in those 
studies active smokers (and the comparison groups of nonsmokers) 
were themselves breathing other peoples’ cigarette smoke. If 3d 0 
is of the order of 3 or more cigarettes per day (as in Table D-3), 
a proper analysis (and thus proper estimates of fa, fa, and d 0 ) 
would require refitting the active-smoking data taking account of 
ETS exposure. We have not done so here. We expect that the 
effect on our estimates of the true relative risk in “exposed” and 
“unexposed” subjects using Method 2 would not be great (because 
of the insensitivity of these estimates to uncertainty in fa/fa). On 
the other hand, the effect on our estimates of d 0 may be more 
pronounced. Further study is required. 

Remark 11: Estimation of d 0 from Dosimetry The estimates of d 0 
given in Table D-4 are obtained in step 5 of the following sequence 
of calculations. 

1. For the ETS constituents BaP and NDMA we estimated 
the weight of each constituent inhaled directly by an active smoker 
from the mainstream smoke of a single cigarette by using the mid¬ 
point of the range given in the mainstream weight column in 
Table 2-10 (i.e., 25 and 30 ng for NDMA and BaP, respectively). 
(The weights entered in the mainstream weight column of Table 
2-10 are averages based on cigarettes whose mainstream-smoke tar 
content, as measured by a smoking machine, varied between 16 
and 30 milligrams.) 

2. We estimated the weight of each of the above constituents 
inhaled daily by a nonsmoker with a nonsmoking spouse by mul¬ 
tiplying by 1.07 the range of values given under the ETS weight 
column in Table 2-10. (1.07 is our estimate of the average num¬ 
ber of hours of daily ETS exposure occurring in nonsmokers with 
nonsmoking spouses. Nonsmokers without smoking spouses report 
that they are exposed, on average, to ETS between 5 (Table 6, 
Friedman et al., 1983) and 10 hours a week (Wald and Ritchie, 
1984). Our value of 7.5 hours/week (= 1.07 hours/day) is the 
average of the above estimates. We could have chosen to multiply 



he value of 1.07 by a factor of up to 2, since most components of 
STS decay with a half-life of approximately 1 hour when smoking 
:eases, assuming approximately one air change per hour and little 
dating out onto surfaces.) 

3. For each constituent we divided the endpoints of the weight 
•anges calculated in Step 2 by the weight estimated in Step 1. The 
•esulting range of values is, for each constituent, an estimate of 
;he number of cigarettes that would have to be actively smoked 
n order that the weight of the constituent in the directly inhaled 
nainstream smoke would equal the weight of the constituent (at- 
,ributable to ETS) inhaled daily by an average nonsmoker with a 
lonsmoking spouse. We shall call this number J 0m . 

4. We next estimated for each constituent the number of 
ligarettes whose mainstream smoke would have to be directly 
nhaled by an active smoker to deliver to the lungs a dose of the 
constituent equal to the daily (biologically effective) pulmonary 
lose (attributable to ETS) of a nonsmoker with a nonsmoking 
spouse. We refer to this number as d 0tn . For BoP we multiplied 
;he endpoints of the range for I 0m by one-seventh. This reflects 
che fact that BoP is in the particulate phase and, as discussed in 
Chapter 7, a rough estimate of the deposition rates for particulates 
n ETS and in mainstream smoke is 10% and 70%, respectively. 
This calculation ignores important differences between the ETS 
and mainstream particulate phases in terms of deposition site, 
clearance rates, and particle size. Thus, even if BoP were the ac¬ 
tive carcinogen in ETS and mainstream smoke, d 0m , as calculated 
above, could conceivably be quite different from the true value of 
d 0m defined in terms of the biologically effective dose for producing 
lung cancer.] 

For NDMA we assumed d 0m — hm- The rationale for this 
ecision is that NDMA is in the vapor phase in both ETS and 
ainstream smoke. We therefore assumed that the pulmonary 
absorption of NDMA per nanogram inhaled was the same for 
mainstream smoke and ETS. (This assumption may be inadequate, 
since NDMA is water soluble and thus will dissolve in mucous 
membrances before reaching the lungs. Therefore, the fraction of 
inhaled NDMA that reaches the lungs may well be up to several 
orders of magnitude greater in active smokers (whose intake is via 
deep inhalations taken through the mouth) than in nonsmokers 
(whose intake is largely via shallow inhalations taken through the 
nose). If so, our estimate of <f 0m would need to be reduced by 


here. d 0m for RSP was calculated as follows. In Chapter 7 it 
was calculated that the amount of tar deposited in the lungs 
after 8 hours of ETS exposure would be about 0.005%-0.26% of 
that deposited in the lungs of an active smoker of 20 cigarettes 
containing 14 mg tar each. Thus, the upper limit of the range for 
d 0m (in terms of 20 mg tar cigarettes) equals (14/20) X 0.26 x 10 -2 x 
20 X 1.07/8 = 8.2 x 10~ 6 = 0.005. The total range is 0.0001-0.005. 

5. In what follows we estimate for each of the constituents 
NDMA, BaP, and RSP the number of cigarettes that would have 
to be actively smoked to deliver to the smoker a pulmonary dose 
of the constituent equal to the daily pulmonary dose (attributable 
to ETS) of a nonsmoker married to a nonsmoking spouse. This 
number we will call d£. The * as a symbol serves to distinguish this 
definition of d 0 from that in Section D-2. d jjj for a given constituent 
is equivalent to d 0 as defined in Section D-2 if, as assumed in Table 
D-4, the constituent is the active lung carcinogen in ETS and 
mainstream smoke or, more generally, if d J for the constituent is 
equal to d 0 for the unknown active carcinogen. 

For the constituents RSP, BaP, and NDMA we first estimated 
the difference between the total pulmonary dose attributable to a 
single actively smoked nonfilter cigarette and the fraction of that 
pulmonary dose attributable to the directly inhaled mainstream 
smoke. This difference includes contributions from the plume of 
sidestream smoke, the plume of exhaled mainstream smoke, and 
the ETS subsequently derived from the plumes of sidestream and 
exhaled mainstream smoke. We shall call this difference the non¬ 
mainstream (pulmonary) dose of the constituent. How does the 
magnitude of the nonmainstream (pulmonary) dose to a smoker 
compare to the pulmonary dose of the constituent absorbed by 
a nonsmoker without a smoking spouse in the Wald and Ritchie 
study (1984) during that nonsmoker’s 1.07 hours of daily expo¬ 
sure? We have no empirical data that directly bear on this ques¬ 
tion. Nonetheless, we shall assume that the ratio, /, of the dose to 
the smoker from the nonmainstream smoke of a single cigarette to 
the daily dose (attributable to ETS) to a nonsmoker with a non¬ 
smoking spouse is between 0.1 and 2. We believe the ratio could 
be as high as 2 because the active smoker is much more likely to 
directly inhale the highly concentrated plumes of sidestream and 
exhaled mainstream smoke. (In fact, the ratio could possibly be a 




ood deal higher than 2.) This ratio could be as low as 0.1 if active 
smokers rarely directly inhale the plumes of smoke and during the 
hour in which a nonsmoker with a nonsmoking spouse is exposed 
to ETS, the average smoker density is 4, with each smoker smok- 
ng 2.5 cigarettes per hour. (This is a rather high smoker density 
and 0.1 may therefore be somewhat too low an estimate.) It is 
a straightforward algebraic exercise to show that the relationship 
between and d Qm is 


0 (l/dom) + / 

The minimum of the range of d 0 (equivalently, do) values given 
in Table D-4 (for each constituent) was computed by plugging into 
the above formula the minimum of the range of d 0m estimated in 
step 4, and / = 2. The maximum of the d 0 range in Table D-4 was 
computed by plugging in the maximum of do m and / = 0.1. The 
ranges calculated for d$ essentially equal those for d 0m , with the 
exception that both endpoints of the d 0m range for NDMA were 
reduced by approximately 40% and the upper endpoint for BaP 
was reduced 25%. 

Remark 12: Dosimetry Based on Urinary Nicotine or Cotinine In 
this remark we consider whether it is reasonable to take the ratio 
of urinary nicotine (or cotinine) in nonsmokers to that in active 
smokers as a proxy for the ratio of the biologically effective dose 
(attributable to ETS) of the active lung carcinogen in nonsmokers 
to the biologically effective dose in active smokers. 

In aged ETS, nicotine is largely in the vapor phase. Nico¬ 
tine is water soluble. Thus, presumably most of the nicotine in 
aged ETS dissolves in the mucous membranes of the upper air¬ 
ways and diffuses directly into the bloodstream. Thus, little of 
the inhaled nicotine from aged ETS reaches the lower respiratory 
tract. Therefore, urinary and blood nicotine in nonsmokers should 
roughly reflect the total amount of inhaled nicotine. In contrast, 
nicotine in mainstream and sidestream smoke and in fresh ETS 
is largely in the particulate phase. Therefore, most of the nico¬ 
tine directly inhaled in mainstream smoke by a smoker reaches 
the lower respiratory tract (and from there the bloodstream) since 
the deposition fraction for particulates in mainstream smoke is 
70% with most deposition occurring in the lower respiratory tract. 


Therefore, if (l) the true carcinogen is in the vapor phase in both 
ETS and mainstream smoke, (2) the true carcinogen is in the 
particulate phase in both ETS and mainstream smoke, or (3) the 
true carcinogen is in the particulate phase in mainstream smoke, 
the vapor phase in ETS, and is, in addition, water soluble (so 
that the total dose of the carcinogen from ETS greatly exceeds the 
pulmonary dose), then serious questions must be raised about the 
appropriateness of using the ratio of urinary nicotine (or cotinine) 
in nonsmokers to that in active smokers to approximate the ratio 
of the biologically effective lung dose of the active carcinogens in 
nonsmokers to the lung dose in active smokers. 

Remark IS: Estimating Lung Cancer Deaths Attributable to ETS 
Among Lifelong Nonsmokers in 1985 As in the Garfinkel et al. 
(1985) study, we use “exposed” to mean ever-“exposed”, since 
one cannot calculate a population attributable number from case- 
control studies in which individuals who are ever-“exposed” but 
not currently-“exposed” are excluded. If we assume that Assump¬ 
tion la and Equation D-5 hold with c(70) = 3, then IS.R(70|.E) and 
jRfS(70|E) are 1.54 and 1.18, respectively, based on a summary 
rate ratio of 1.3. We would then need to assume, for example, 
that RR(t\E) and RR{t\B) do not depend on t. Using this ap¬ 
proach we obtain an attributable number of 2,010 in nonsmoking 
women. In contrast, the naive approach, which ignores the ETS 
exposure of “unexposed” individuals by assuming 12fS(70|£) = 1.3 
and RR(70\E) = 1.0, gives an attributable number of 1,150. 

The second approach supposes that assumptions of Method 2 
in Section D-2 hold. We then choose a value for exposure history 
(o, b, c) and /? 4 //3 i which, given that qr(70|J57)/'y(70| J £’) = 1.3, allows 
us to calculate /3id 0 from Equation D-10. Knowledge of /M 0 , then, 
allows us to calculate, from equation D-9, RR[t\E) and RR(t\E) 
for all t (not just t = 70). 

The third approach is to assume that the first assumptions 
under Method 2 concerning the multistage cancer model hold but 
not to assume that RR(70\E)/RR(70\E) = 1.3. We then must select 
a value of /3j. and d 0 in order to estimate /3ido and, given (a, b,c) 
and Si/Si,RR[t\E). 

Remark lj: Estimating the Lifetime Risk of Lung Cancer Due to 
ETS 5(t|t 0 ) = n„_ to [l— A(u)] where A(u) is the all-cause mortality 
rate in 1985 among nonsmoking women of age u (and we are follow¬ 
ing the standard convention of using current, i.e. 1985, mortality 



:ate). We estimated A(u) for female nonsmokers by multiplying the 
ill-cause age-specific mortality rates (for female nonsmokers) given 
n Hammond (1966) by the ratio of the overall U.S. age-specific fe- 
nale death rates in 1985 (all smoking categories) to those rates in 
1962. Furthermore, 7excess(0 = 7o(t)[-R#EXCESs(t)]> where 70 (£) 
:s the incidence of lung cancer death at t in the absence of all ex¬ 
posure, and -RRexcess^) is the excess relative risk for lung cancer 
due to exposure history M. 70 (t) = [1 - AF(t)]I 0 (t) where AF(t) 
nd J 0 (() are as defined above. 

From Equation D-9 we can obtain an estimate of RRexcess {t) = 
RR(t) -1 for given values of /3 X cf 0 and Pi/Pi and choice of exposure 
history M. It follows that, under the assumption that the observed 
ate ratio of 1.3 is causal, we can then obtain an estimate of 
AF(M) for t 0 = 45 for each choice of exposure history (a, b,c ) and 
alue of Pa/P i, since, using Equation D-10, we obtain an estimate 
of Pid 0 from which, in turn, we obtain an estimate of AF{t) and 
•R-Rexcess OO • 

Remark 15 In estimating AF(M) in ex- and current smokers, 
BJ? E xcEss(i) can be estimated from Equation D-9 for a given 
value of exposure history (o, b, c), Pi/Pi, and p x under the as¬ 
sumption that the rate ratio of 1.3 is causal. (Knowledge of Pi is 
necessary so that we can estimate from Equation D-10 the value 
of do rather than simply pid 0 .) 70 (t) is estimated as for nonsmok¬ 
ers. To estimate the all-cause mortality rate among exsmokers 
and continuing smokers we used the data in Hammond (1966) as 
described for nonsmokers, except for smokers of 20 cigarettes per 
day we used an average of the age-specific all-cause mortality rates 
in Hammond for smokers of 1-19 and >19 cigarettes per day; and 
for exsmokers we used both their smoking rates while smoking 
and the number of years since quitting (as a time-dependent co¬ 
variate) to enter Hammond’s table at the proper place. Missing 
values in Hammond’s table were filled in by linear interpolation or 
extrapolation. 

Remark 16 Under Assumption la, RRexcess (t) would be the 
same for exsmokers and nonsmokers who had the same history of 
exposure to other people’s cigarette smoke. But if we assume that 
cigarette smoke affects two stages of a multistage cancer model, 
then, for an exsmoker, the quadratic terms in Equation D-9 cannot 
be ignored. As such, a small increment in dose due to breathing 
other people’s cigarette smoke will have a larger absolute effect 


on the age-specific-mortality rate of the exsmoker than of 
nonsmoker. 


Effects of Bias 

We now consider the following three questions. In deriving 
summary estimates of 1.3 we amalgamated studies that comp 
ever-“exposed” to never-“exposed” subjects with studies that < 
pared currently-“exposed” to never-“exposed” subjects. Does 
introduce an important bias? In Remark 17 below, we show 
it does not. Second, under the assumption that our multis 
model is correct, Assumption la is false, since Equation D-8 1 
quadratic dose term. Nonetheless, for calculating the true rel 
risk in “exposed” and “unexposed” subjects, is Assumptio 
an adequate approximation? Third, should case-control studi 
the relationship between childhood ETS exposure and lung 
cer have greater power to detect an ETS effect than case-co 
studies of adult ETS exposure? In particular, does the failu 
Garfinkel et al. (1985) to find an effect of childhood exposure 
doubt on the validity of our 13 epidemiologic studies of adult 
exposure? We will show in Remark 19 that when one takes 
account the inevitable misclassification of childhood ETS expi 
occurring some 60 years previously, the observed relative ris 
pected from a case-control study of childhood ETS exposure < 
be as low as 1.01 and would be no greater than 1.3. Thus, it 5 
surprising Garfinkel et al. found no effect of childhood expos 

Remark 17 It is clear that the same causal parameter is 
being estimated in studies in which the “exposed” group is 
“exposed” as in studies in which the exposed group is cum 
“exposed” individuals. Yet, our summary value of 1.3 was 1 
on amalgamating estimates of RR(t\E)/RR{t\E) from these tw 
ferent types of studies. To estimate the magnitude of the bias 
ciated with this amalgamation, we proceeded as follows. Cor 
studies with exposure history of the form (a, 6,1). For each c 
of (o, b) and Pi/Pi we obtain, from Equation D-10, an estirm 
Pi do, say, Pid 0 (a,b, p t /Pi), if we can assume RR(t\E)/RR(t\ 
1.3 for such studies. For each PidQ{a,b,p i /Pi) we estimated, 
Equation D-10, RR{t\E) jRR{t\E) for a study with exposur< 
tory (a,6,3). The maximum value of RR(t\E)/RR{t\E) estimai 


y for studies with exposure history (a,i,3) was 1.39 (asso- 
ivith /3 4 ,/Pi = 1.8, of course). Given the confidence interval 
1,1.49) reported in Chapter 12 for the amalgamated param- 
?(t|E)/.R.R(f|.£), it follows that any bias due to improperly 
mating these two types of studies will be small compared 
pling error. 

fc 18 Conditional on the assumption that our multistage 
holds for lung cancer, we can test the adequacy of As- 
on la. Let Pid ' 0 and be the estimates of /3 L d 0 

2(701^) obtained by removing the quadratic term (in Mo) 
le numerator and denominator of Equation D-10. Now, 
Iquation D-9, modified so that the quadratic term in Pid D 
nated, is a linear excess relative risk model, it follows that 
ption la is an adequate approximation if the estimates Mo 
2'(70|1?) do not differ greatly from the estimates, /Mo and 
E), based on the unmodified Equation D-10. We therefore 
;ed max[iSiS’(70|E) — jRfS(70|15)] as (a, 6, c) and p^/pi var- 
le maximum was 0.05. Thus, the linear approximation of 
ption la is probably adequate. 

k 19 We now estimate the maximum and minimum rela- 
(at age 70) we would expect to observe in a case-control 
if ETS exposure in childhood (controlling for ETS exposure 
t life) under the assumption that our multistage model for 
,ncer is correct. To do so, we perform a sensitivity analysis 
e possible exposure histories of the “exposed” and “unex¬ 
study subjects in such a case-control study. In particular, 
ime that (1) for all study subjects the exposure rate from 
to 70 years was 2d 0 ; (2) the false-positive and false-negative 
>r the exposure “at least one parent smoked” were 0.15 and 
ipectively; and (3) exposure rate from 0 to 20 in the truly 
d” (i.e., among those who did have a smoking parent) to 
ily “unexposed” was, in units of d 0 , one of the following: 
0.3, 0.75 to 0.15, 1.0 to 0.6, or 1.0 to 0.05. It only remains 
try to choose values for Pi/pi and Mo- For each of our 
hoices of P\/P\ > we let pid 0 range over the values found 
sly (using Equation D-10) as ( a,b,c ) varied. 
ie maximum relative risk was 1.26, which occurred with 
re rates of 1.53 and 0.3d 0 in the exposed and unexposed, re- 
ely, Pi/Pi = 0.0124, and the value of Mo (computed using 
on D-10) based on ( a,b,c) = (1,2,3). The minimum relative 



risk was 1.01. Even when we unrealistically assumed that botl 
the false-positive and false-negative rates for exposure misclassi 
fication were 0, the maximum relative risk was only 1.51. Thus 
it is not surprising that Garfinkel et al. (1985) failed to detect ai 
effect of childhood exposure in his case-control study. 
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